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Aquifer systems derived from fluvial, eolian, glacial or mass movement 
processes may have considerable vertical and areal variability in saturated 
thickness, hydraulic conductivity, transmissivity, specific yield, and bed thickness. 
Frequently, hydraulic data from aquifer tests are not readily available, whereas 
lithologic and grain-size information from driller’s logs is generally abundant. 
Therefore, the method of moments was devised to evaluate the aquifer properties 
for individual lithologic units based on drillers’ information. These estimates 
provide vital information about aquifer characterization and are useful for 
hydraulic analysis and computer modeling.
The purpose of this study was to estimate the vertical variability of hydraulic 
conductivity, transmissivity, and specific yield for four simulated geologic 
configurations using the method of moments. The objectives were to: 1) test the 
applicability of measuring vertical variability using the method of moments and 
the 0.5 criterion for relative center of gravity (RCOG); 2) conduct a sensitivity 
analysis of the method of moments approach to estimating material parameters 
such as hydraulic conductivity, transmissivity, and specific yield; and 3) evaluate 
the effects of changes in the water (fully versus partially saturated) on the results 
of the method of moments analysis.
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Results show that the 0.5 criterion for RCOG is valid on a case-by-case basis 
depending primarily upon the geometry of the geologic configuration and, 
secondarily, upon the thickness of the individual geologic units. Sensitivity 
analyses reveal that the RCOG value is insensitive to changes in the parameters 
of hydraulic conductivity and transmissivity to ±2 orders of magnitude and ±15% 
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Aquifer systems derived from fluvial, eolian, glacial, or mass movement processes, 
composed of interbedded clay, silt, sand, and gravel (consolidated or unconsolidated), 
may have considerable vertical and areal variability in saturated thickness, hydraulic 
conductivity, specific yield, and bed thickness. Frequently, hydraulic data from 
aquifer tests are not readily available, whereas lithologic and grain-size information 
from drillers’ logs is generally abundant. Therefore, the vertical variability method 
was devised to evaluate the variability of aquifer properties using estimates of 
saturated thickness, hydraulic conductivity, specific yield, and bed thickness, for 
individual lithologic units based on drillers’ lithologic logs (Weeks, Gutentag and 
Kolm, in press). These estimates provide vital information about aquifer 
characterization and are useful for hydraulic analysis and computer modeling.
Objectives
The objectives of this study were to use four simulated geological configurations 
with direct depositional analogs to:
1) test the applicability of measuring vertical variability using the method 
of moments and the 0.5 criterion; and
2) conduct a sensitivity analysis of the method of moments approach to estimated 
material parameters, such as hydraulic conductivity, transmissivity and
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storativity; and
3) evaluate the effects of changes in the water table (fully versus partially 
saturated conditions) on the results of the vertical variability analysis.
The results of these tests and analyses may then be used to predict aquifer system 
dimensionality or layering for modeling purposes.
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Chapter 2
VERTICAL VARIABILITY AND THE METHOD OF MOMENTS
The study of vertical variability using the method of moments has been 
investigated by various authors since the mid 1950’s. The original use of the method 
of moments was to determine the thickness of sand units from lithologic logs. 
Krumbein and Libby (1957) applied the method of moments when preparing maps 
showing the center of gravity and standard deviation of the thicknesses of specific 
lithologic rock units in north-central Wyoming. Meyboom (1960) used the method 
to determine vertical variability of the Milk River sandstone bed thicknesses. 
Geologic mapping techniques using the method of moments for thickness 
determination in hydrologic computer modeling of the Las Vegas Valley in Nevada 
were applied by Domenico and Stephenson (1964). The method was also applied by 
Winter (1975) to the thickness of sand and gravel units in glacial-drift deposits in 
northwestern Minnesota.
Recently, this method has been suggested as a means to estimate the variability 
of aquifer parameters such as hydraulic conductivity, transmissivity, storativity, and 
well yield (Weeks, Gutentag and Kolm, in press). Ashworth (1980), Kolm and Case 
(1983), Bryn (1984), Gutentag, et al (1984), and Hansen (1989), have successfully 
applied this method to various sections of the High Plains regional aquifer.
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL OF MINES 
GOLDEN, CO 80401
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Method of Moments Calculations 
The method of moments can be used to evaluate vertical variability of aquifer 
properties by calculating the first moment or center of gravity (COG) of the vertical 
distribution of aquifer properties estimated from lithologic or experimental logs. The 
COG of the distribution of any property (P) can be calculated from the following 
equation:
COG(P) = £  P,M11 Y ,P t W
i-1 i-1
where the moment arm (M) is the distance from a reference plane (e.g. the base of 
the geologic unit or aquifer) to the midpoint of the ith lithologic unit that has a value 
Pt of the aquifer property.
The COG has the dimension of length and can be made dimensionless by 
dividing it by the saturated thickness of the aquifer. This number is referred to as 
the relative COG (RCOG) and is calculated by the following equation:
RCOGiF) = COG(P) I £  t, (2)
1-1
where f, is the thickness of the ith lithologic unit. To use the above equations, a 
geologic log is divided into n lithologic units and a value of the aquifer parameter 
is assigned to each unit (Figure 1).
The RCOG indicates the centroid of the parameter distribution within the 
lithologic section at a given log site. Therefore, a RCOG of 0.5 indicates that
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Figure 1. Methcxl of Moments Calculation for Parameter "P" in the Saturated 
Zone
ER-4148 6
a weighted parameter for that log location can be equally distributed across the 
entire lithologic section at that location.
The RCOG calculations and accompanying sensitivity analyses were accomplished 
using the QUATTRO PRO version 4.0 spreadsheet software by Borland 
International, Inc. An example of the spreadsheets are presented in Appendix A for 
geologic configuration #2A and the parameter of hydraulic conductivity. Appendix 
B contains example summary tables and graphs of sensitivity analysis for all three 
hydraulic parameters and geologic configuration #2A. Appendix C describes the 
contents of the several computer disks found inside the front cover. These disks 
contain the actual spreadsheets, summary tables, and sensitivity analysis graphs 




For this study, the method of moments is used to evaluate the vertical variability 
and sensitivity of four simulated geological configurations. The four configurations 
were chosen from idealized geologic depositional conditions which represented a 
diverse cross-section of common geologic environments.
Vertical variability calculations using the method of moments are calculated for 
each configuration to determine its relative center of gravity (RCOG) based on the 
0.5 criterion.
A sensitivity analysis is performed on each of four geologic configuration by 
varying hydraulic conductivity (K), transmissivity (T), specific yield (Sy),and thickness 
(b) values. The hydraulic conductivity and transmissivity parameters for each layer 
are incrementally increased or decreased independently by one order of magnitude 
to a maximum of ± 10 orders to determine the sensitivity of the RCOG value. A 
second sensitivity analysis was conducted to determine the effects of increasing or 
decreasing a given parameter when two layers are changed simultaneously in the 
same direction and the same order of magnitude.
The specific yield parameters were independently increased or decreased by 0.05 
increments to a maximum of +0.25. In all cases, when the result of the subtraction 
was less than 0.00, the value assigned was 0.00. A second analysis was conducted for 
changes in specific yield to two layers simultaneously as discussed above.
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Additional analyses were conducted on the four configurations by varying the 
thicknesses of the individual geologic units. The four thickness variations were 
assigned the following designations:
(i) defining the gravel layer as the thickest unit and the silt layer as the
thinnest;
(ii) defining the silt layer as the thickest unit and the gravel layer as the
thinnest;
(iii) defining the sand layer as the thickest unit and the silt layer as the
thinnest; and
(iv) defining all layers as the same thickness.
The overall configuration thickness in all cases was maintained at 100 feet.
Lastly, the effects of a changing water table were evaluated to determine the 
effects in the vertical variability using the method of moments. The total thickness 
for each configuration was set at 100 feet. The saturated thickness was varied for 
purposes of determining the effects of changing water table conditions on each of the 
four configurations. Water table conditions used include:
a) fully saturated (100 feet of saturated thickness),
b) a drawdown of 10 feet - (90 feet of saturated thickness), and
c) a drawdown of 50 feet - (50 feet of saturated thickness).
In total, this study included a sensitivity analysis for 217 separate variations of the 




The four simulated geologic configurations to be used in this analysis included 
an eolian deposit, two-cycle fluvial deposit, incomplete two-cycle fluvial deposit, and 
a one-cycle fluvial deposit (Figure 2). A brief description of the depositional 
environment for each geologic configuration is as follows:
Eolian deposits (#Yii
This configuration is characterized by fine to medium-grained (0.06 - 0.2 mm), 
moderately well-sorted and well-rounded sand (Ahlbrandt and Fryberger, 1980). 
These wind-blown deposits are the result of many years of relatively constant winds 
which carry finer materials away, leaving coarser materials. These coarser materials 
are transported much shorter distances and are subject to a high degree of 
bombardment from each other causing a more rounded characteristic of the grains. 
This configuration assumed no interlayers or interdunal deposits in the stack. 
GEOLOGICAL ANALOG: Nebraska Sand Hills
Two-cycle fluvial deposits (#21:
This configuration, characterized by the fining-upward sequence, is dominated by 
the fluvial, mixed-load, meanderbelt sorting process which tends to mask the effects 
of weathering during transport (Schumm, 1977). The lateral migration of a river 
across its flood plain coupled with a gradual adjustment of the basin floor in response
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to regional uplift or the weight of the sediments, is the general environment in which 
these deposits occur. A repeated cycle of this event (gravel, sand and silt over gravel, 
sand and silt), without an erosional episode between cycles, is the depositional 
scenario for this configuration.
GEOLOGICAL ANALOG: Arapahoe -Denver Formation sequence (Robson,
1987)
Incomplete two-cycle fluvial deposits (#31:
This configuration is identical in its physical and mineralogical character to that 
of the two-cycle fluvial deposit described above. The difference is that a coarsening- 
upward sequence (silt, sand, and gravel) is found below the fining-upward sequence 
(gravel, sand, and silt). This particular configuration orientation is assigned the "A" 
series designation.
The "B" series represents a coarsening-upward sequence (silt, sand, and gravel) 
overlying a fining-upward sequence (gravel, sand, and silt). This deposit may be 
typical of a region which has been greatly affected by climatological change. This 
series is discussed here because of its regional significance.
GEOLOGICAL ANALOG: Denver-Dawson Formation sequence (fines
missing in the Dawson sequence) (Robson, 1987)
One-cvcle fluvial (ft4):
This configuration is identical to the lowest or first cycle described in geologic 
configuration #2 and #3 (gravel, sand, and silt).
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This configuration may also describe a wet alluvial fan system whereby fluvial 
activities on an alluvial fan form sheetlike deposits of poorly graded sands and 
gravels. This occurs as the flow becomes unconfined on the fan surface and causes 
the width to increase so dramatically that both the depth and velocity decrease to a 
level where flow can no longer transport a load.
GEOLOGICAL ANALOG: Arapahoe Formation sequence (Robson, 1987)
A fifth geologic configuration was initially included to provide the end member 
for the uniform eolian configuration. This configuration was designed to be 
homogeneously heterogeneous (scale dependent) and represents a mass movement- 
type deposit. Hydrogeologic parameters could have been assigned assuming truly 
homogeneous heterogeneities, however, the ±10 order of magnitude changes in 
parameters assigned to the eolian configuration effectively demonstrate the sensitivity 




For purposes of this study the four geologic configurations were limited to 
various vertical combinations of silt, sand, and/or gravel. These geologic units were 
chosen based upon their distinctly different hydraulic conductivity, transmissivity, and 
specific yield values and for purposes of covering as large a range of values as 
possible in any one geologic configuration.
The original configurations were designated the NAH series of analyses and 
numbered accordingly (Figure 3a). A second complete set of analyses were 
conducted on each configuration after completely inverting the geologic sequence 
(i.e. changing from a fining-upward sequence to a coarsening-upward sequence). 
These analyses were designated the "B" series and numbered accordingly (Figure 3b). 
Designations for thickness variation were based upon those defined in Chapter 3. 
An example of these designations is presented in Figure 4. Saturated thickness 
variations were denoted by indicating the thickness immediately following the 
parameter tested in the title of each analyses. Those analyses whose titles have no 
value following the tested parameter indicate that they were performed upon 
geologic configurations which were fully saturated.
Hydraulic conductivity values were assigned based upon table values from both 
laboratory and field analysis (Freeze and Cherry, 1979) for silt/loess (10*2 gpd/ft2), 
silty sand (10 gpd/ft2), and gravel (104 gpd/ft2). These values provide a three order
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of magnitude difference between the geologic materials, respectively and a six order 
of magnitude difference from the lowest to the highest values. For example, the two- 
cycle fluvial geologic configuration is displayed with representative hydraulic 
conductivity values (Figure 5).
Transmissivity values were also based upon the table values for selected hydraulic 
conductivity and the thicknesses assigned to each geologic unit for each of the four 
configurations. As an example, the two-cycle fluvial geologic configuration is 
displayed with representative transmissivity values (Figure 6).
Specific yield values were assigned based upon published work by Johnson (1967) 
who compiled specific yield values from both laboratory and field methods for 
various materials for the U.S. Geological Survey in cooperation with the California 
Department of Water Resources. Johnson summarized and averaged the values from 
numerous sources in a summary table at the end of the publication. The average 
specific yield values from that table for silt (0.08), a medium sand (0.26) and a 
medium gravel (0.23) were used for this study. The two-cycle fluvial geologic 
configuration is displayed with representative specific yield values (Figure 7).
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The initial step of the analysis of vertical variability using the method of moments 
is to mathematically predict the results of the analyses based upon equation (2). By 
taking the partial derivative with respect to the changing parameter (PJ, a slope of 
the resulting line (representing the RCOG for any change in PJ could be predicted. 
Review of equation (2) indicates that it is the equivalent of equation (1) divided by 
the sum of the thickness of each individual layer. Since the thickness of each layer 
has been assigned, the denominator is a constant. Therefore, for purposes of 
evaluating the slope of the RCOG line with respect to some change in a given 
parameter (Pj), a partial differentiation of equation (1) is applicable if a constant (a) 
is in the denominator:
RCOG{P) = COfflP) = I aJ^P, ; (3)
a i-i <-i
ARCO&ft = ( t W t l  * Pi ■ (4)oPt <-i
The order of magnitude change that is made to each parameter ( P|) in each 
analysis involving hydraulic conductivity and transmissivity must be defined as a 
function of some variable (r) which increases incrementally from 0 to ±10. The 
function assigned is Pj(r) = e*"10. For the analyses involving specific yield, the
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function must relate to the addition and subtraction of multiples of 0.05. The
function used, in this case, was P^r) = ±0.05r.
Equation (2) for a three-layer geologic configuration (i.e. #4), with changes in 
hydraulic conductivity or transmissivity to layer 1 would be:
d 1 P,eM0M. * PM , + P.M.
RCOG(P) = /'(r) ~ -4 r  -  —------ ------------ ------—  . (5)
dPt « + P2 + P3
The derivative of e'toll) is lnl0(er tal(>) or lnlO(lCT). Thus, the partial derivative with 
respect to r for the general form of equation (2) after canceling like terms is as 
follows:
= J_ (f2+ /y  In W W P M  -  InKKmPt (PJdsPiMJ 
* (P110r+/,2+P3)2
Rearranging the numerator yields:
/ / ( r )  _ i  ( M Q  P j)  i y  w + P yM i -  p ^ i  -  p m  (7)
“ (/>,10r + Pt + P3)2
In this case, only the parameter (P) for layer one is changing. The remaining 
values have been fixed and, therefore, constant. General constants (a, p, and r) can 
be used in those parts of the equation that are constant. Using these symbols, a 
general form of partial derivative with respect to a parameter (P) for a three-layer 
geologic configuration can be depicted:
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/'(r) -  RCOG(P)' = -  -----— —  ; (8)
“ ( I lia  + t)2
RCOCH.F)1  — -----  • (9)
#(1110" + t)2
This general form of the equation for RCOG(P) is used to predict the slope at 
various points on a curve depicting the results of the sensitivity analysis. For 
example, when r is equal to + oo, the general form of the equation is;
/ ' (+oo) * , (10)
(+»)2
indicating that the slope of the line approaches zero. When r is  equal to -o o , the 
general form of the equation is;
/ '( -» )  -  , (11)
( - 0°)
indicating that the slope of the line again approaches zero. A third point of interest 
for the RCOG(P) line occurs when ris equal to zero (0). At this point, the general 
form of the equation is;
/'<0) ■  -  ;  . (12)
a(p + t)2
which does not provide a clear definition of the slope at this location. Examining the 
actual equations represented by the greek letters enables a better visualization. This 
form of the equation looks like:
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B InlOPJOr
(p,i(y + p2 + Pj)2
(13)
If the maximum moment arm (Mj) assigned is 100 feet, and the maximum 
parameter (Pj) is 10,000 gpd/ft2, this equation shows that the numerator is much 
smaller than the squared denominator. Therefore, the slope of the line is nearly zero 
as r approaches zero (0).
The above derivation and resulting general form of the equation (#3) is not only 
representative of a three-layer system but is equally representative of a six-layer 
geologic configuration. However, the actual values of the assigned constants will be 
different. The general form of the equation defined for the slope of the RCOG line 
(#9) at the limits previously discussed (#10, 11, and 12), are also representative.
This derivation also applies for both the three- and six-layer configuration when 
the tested parameter (P) is transmissivity, because the transmissivity is equal to the 
hydraulic conductivity times the thickness. Since the thickness is being held constant 
for each case, a similar form of the partial differential equation can be expected. A 
review of the equation governing the changes in the sensitivity analysis for the 
parameter of specific yield indicates that the change in Pj as a function of (r) is ± 
0.05r. Therefore, equation (2) for a three-layer geologic configuration (#4 on Figure 
3a), with changes in specific yield to layer 1, is:
RCOGiF)' = f(r)  =
a i (Pj+o.os/OMj + iy # 2 + p 3a/3
ajp[ "a (Pj+O.OSr) + P2 + P3
(14)
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The derivative of 0.05r= 0.05. Thus, the partial derivative with respect to Px for 
the general form of equation (2) after canceling like terms is as follows:
= J_ C P ^ P 3) 0 . 0 5 M 1  -  0 . 0 5 ( P ] M 2  + P 3 M 0  
« [(/>,+0.05r) + J>2 + PJ2
Rearranging the numerator yields:
1 0.05 [PJM.-MJ + PJM.-MJl
f ir )  =  ------ *— - ------------- 5— !— ^  (16)
« [(Pj-tO.OSr) + P2 + Pj]2
Using general constants, a general form of the partial derivative with respect to a 
parameter (P) for a three-layer geologic configuration is:
f'(r) = -1 -------?   ; (17)
«  ( | i  +  O.OSr)
RCOGiP)' <*--------------    . (18)
a(p + 0.05r)2
This general form of the equation can be used to predict the slope at various points 
on the RCOG(P) curve representing the results of the sensitivity analysis. For 
instance, when r is equal to ±  oo, the general form of the equation goes to:
/ ( * - )  = - 2 -  , (19)
(~ )2
indicating that the slope of the line approaches zero.
A third point of interest regarding the RCOG(P) line is when ris equal to zero 
(0). At this point, the general form of the equation is:
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/'<0) = — , (20)
aCn)2
which does not provide a clear definition of the slope at this location. Examining the 
actual equations represented by the greek letters enables a better visualization. This 
form of the equation is:
0.05 t Pi W r M)  n n
/ ( 0) = —   .
(P, + P2 + /> /
If the maximum moment arm (Mj) assigned is 100 feet, and the maximum 
parameter (PJ is 1.0 or 100 percent, this equation shows that the numerator is 
potentially much larger than the squared denominator. However, the 0.05 multiplier 
in the numerator would reduce the maximum moment-arm value to 5 instead of 100 
feet. Therefore, the slope of the line, when r is equal to zero (0), is difficult to 
examine generally, but in most circumstances would be a value other than zero. This 
slope depends on the actual values for the specific yield and moment arm of each 
layer. It should also be noted that the values for (Pj + 0.05r) can never be less than 
zero since values of specific yield in nature can not be less than 0.0 (less than 0%). 
Therefore, the sensitivity analysis conducted on the parameter of specific yield can 
not be lowered more than the originally assigned value for that lithologic unit.
Graphical Versus Mathematical Analyses 
Calculations of RCOG and the change in RCOG with parameter variations were
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performed for each geological configuration. Example summary tables and graphs 
for geological configuration #2A are presented in Appendix B. An example of the 
spreadsheet calculations for geologic configuration #2A for hydraulic conductivity is 
presented in Appendix A. These calculations and graphical analyses are then 
compared with the mathematical analysis for each geologic configuration.
A review of the graphs indicates that their general appearance was predicted 
accurately by mathematical estimations using the general form of the equation 
applicable for that configuration (Equations #9 or #18). The mathematical analysis, 
however, was not able to predict qualitatively for the "A" series of geologic 
configurations, changing one layer’s hydraulic conductivity or transmissivity value at 
a time, that the slope of the RCOG line effectively became zero at r < -5 and r > 
0 orders of magnitude for sand, r < 0 and r > 5  orders of magnitude for gravel, and 
r < 2  and r > 7 orders of magnitude for silt. This is graphically illustrated for the 
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Figure 9 graphically illustrates the results of the RCOG sensitivity analysis for 
geologic configuration #2A when two different layers’ hydraulic conductivity values 
are varied the same order of magnitude in the same direction. The result is a mirror 
image of the analysis when only one layer’s hydraulic parameter is changed. This was 
predicted because varying two parameters by the same order of magnitude in the 
same direction should be equivalent to changing one parameter the same order of 
magnitude in the opposite direction. This is also observed for all other analyses for 
geologic configuration WlA (Appendix B).
A review of the graphs of the sensitivity analysis for the parameter of specific 
yield indicates that, again, the mathematical analysis was able to predict the general 
form of the resulting graphical representation of the analysis. However, from a 
geologic and practical perspective, the resulting specific yield calculated as r = ± oo 
is not possible (specific yield calculated as less than zero (0.0%) or greater than 1.0 
(100%)). Therefore, a prediction of the slope of the RCOG at those limits does not 
accurately predict the slope of the RCOG line within the acceptable limits of 0.0 to 
1.0. For this reason, the mathematical analysis was unable to predict the wider 
variability of the three RCOG lines for silt, sand, and gravel as the assigned specific 
yield for each layer was decreased.
Geologic Configuration Hypothesis and Results
For each of the geologic configurations considered, a hypothesis regarding the 

























































































































mathematical and graphical analysis. These hypotheses are provided for each 
configuration along with the results of the analyses.
Eolian
Hypothesis: The homogeneous nature of this geologic configuration (assuming 
no interdunal deposits) suggests an expected RCOG of 0.5 for any hydrogeologic 
parameter in both saturated and partially saturated conditions. Therefore, any 
hydrogeologic parameter assigned to this geologic configuration could be evenly 
distributed vertically across the entire stack and therefore, modeled ground-water 
flow may be as a one-layer system.
The method of moments for this configuration (#1) show that the resultant 
RCOG for this configuration is 0.5. The results of the sensitivity analysis show that 
for differing hydrogeologic parameters (k, T, or Sy), saturated thicknesses (100, 90 
or 50 feet), bed thicknesses, and/or vertical relationships of the beds (series "A" 
versus series "B"),the RCOG is insensitive to changes of ±10 orders of magnitude 
for hydraulic conductivity and transmissivity, and ±25% for specific yield. In 
addition, a homogeneously heterogeneous layer of any combination of lithologies will 
result in a RCOG value of 0.5 as well. Therefore, the RCOG =0.5 criterion is met, 
and the ground-water flow may be represented as a one-layer system.
Two-cycle Fluvial
Hypothesis: Since this geologic configuration has more than three quarters of its 
thickness dominated by sands and gravels, it is hypothesized that the use of a
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weighted hydrogeologic parameter at the center of the geologic stack is acceptable 
for purposes of modeling this configuration as a one-layer flow system in regional 
analysis. Changes in saturated thickness, bed thickness, and the vertical relationship 
of the beds would change the weighted value of the hydrogeologic parameter but not 
the ability to equally distribute vertically that parameter across the stack (RCOG of 
0.5 expected).
The method of moments for this geologic configuration (#2A(i)) indicates that 
the RCOG is approximately 0.38 for the originally assigned values of both hydraulic 
conductivity and transmissivity and approximately 0.51 for the originally assigned 
values of specific yield. The sensitivity analysis graphs presented in Figures 10 and 
11 illustrate that the method of moments analysis results in the same RCOG values 
for hydraulic conductivity and transmissivity. Inverting the geologic configuration 
(#2B(i)) results in a RCOG of approximately 0.62 for the originally assigned values 
of both hydraulic conductivity and transmissivity as shown in Figures 12 and 13. The 
resulting RCOG for the this configuration and the originally assigned value of 
specific yield is 0.49.
Comparing Figures 12 and 13 with Figures 10 and 11 indicate that reversing the 
geologic layering ("B" series) results in a sensitivity analysis graph that is a mirror- 
image of the first ("A" series). The axis of symmetry is located at the RCOG = 0.5 
line. This is further illustrated by observing that the addition of the resulting RCOG 
value for both layering variations is equal to 1.00. This symmetrical relationship 
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Therefore, for the two-cycle fluvial configuration, the RCOG =0.5  criterion is 
not met for the parameters of hydraulic conductivity and transmissivity, and ground­
water flow may need to be modeled by a multi-layer flow system. The RCOG = 0.5 
criterion is generally met, however, for the parameter of specific yield. Because all 
three parameters do not meet the RCOG = 0.5 criterion, the ground-water flow will 
have to be modeled as a multi-layer flow system.
Sensitivity analysis for this configuration shows that a ±2 order of magnitude 
error in the estimation of the parameter of hydraulic conductivity or transmissivity 
is necessary to significantly change the RCOG value (Figures 12 and 13). This 
indicates a relative insensitivity of RCOG to these parameters. In addition, the 
sensitivity analysis for specific yield shows that RCOG is also insensitive to changes 
of ±25% for the parameter of specific yield.
Tables 1 and 2 summarize the RCOG values for each of the four bed thickness 
variations (i - iv) included in this sensitivity analysis for hydraulic conductivity and 
transmissivity, respectively. Values ranged from a low of 0.30 when the silt layer was 
assigned as the thickest unit to a high of 0.38 when the gravel layer was assigned as 
the thickest unit. RCOG values for the sensitivity analysis using specific yield as the 
parameter of interest resulted in a low of 0.40 (silt layer as the thickest) to a high of 
0.51 (gravel layer as the thickest). Table 3 summarizes the RCOG values for each 
of the four bed thickness variations (i - iv) included in this sensitivity analysis for 
specific yield.
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from 10 to 25 feet, the RCOG = 0.5 criterion is not met for the parameters of 
hydraulic conductivity and transmissivity and met under only one condition for the 
parameter of specific yield. Therefore, ground-water flow may need to be modeled 
by a multi-layer flow system. In addition, these analyses revealed that a ±2 order 
of magnitude change in hydraulic conductivity and transmissivity did not vary the 
RCOG calculation ±0.1. Therefore, this method is insensitive to thickness changes 
for this configuration.
The results of changing one variable at a time in one direction was the same as 
changing two variables at a time in the opposite direction, and vice versa, as 
anticipated for hydraulic conductivity and transmissivity (Figures 8 and 9).
This was not the case, however, for changes to the parameter of specific yield. 
An incremental change of the same magnitude in the same direction for two 
variables resulted in a smaller variation in the RCOG values for over-estimates of 
specific yield and a larger variation is the RCOG values for under-estimations as 
compared to an incremental change of the same magnitude in the same direction for 
one variable (Figures 14 and 15). The larger variation of RCOG values when under- 
estimations are made of the specific yield occurs when the assigned value for a given 
lithologic unit approaches zero. As has been pointed out previously, any change to 
a specific yield that is greater than the originally assigned value results in a value for 
that analysis of zero. Thus the relationship between changes in specific yield and the 
resulting value of RCOG are altered.
















































o |  o  Z



















































































































! ! i i M  I j ! ( Oi i 5 i I i i i 1 I •
i i i i i i i i i i i i i m i i i i n i i i i i r i Tr i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i m i  
OIOOIOOIOOIOOLOOIOOIOOIOOIOOIOO 
CXJ) OXO COh-N* COCO LTXÔ J-̂ rCOCOCVJCvb—T-OO
- i ^ d d d d d d d d d d d d d d d d d d o

































































































to 90 and 50 feet resulted in a RCOG for hydraulic conductivity and transmissivity 
of approximately 0.42 and 0.25, respectively. Similar adjustment of the original 
geologic configuration’s saturated thickness to 90 and 50 feet with respect to specific 
yield resulted in a RCOG of 0.53 and 0.52,respectively. This configuration at 50 feet 
of saturated thickness is the equivalent of an "A" series, fully saturated, one-cycle 
fluvial system (#4).
These RCOG values indicate that, for the two-cycle fluvial configuration and 
these saturated thicknesses, the RCOG = 0.5 criterion is not met for the parameters 
of hydraulic conductivity and transmissivity, and ground-water flow may need to be 
modeled by a multi-layer flow system. The RCOG values for specific yield at these 
saturated thicknesses are insensitive and generally meet the RCOG =0.5  criterion. 
However, ground-water flow will need to be modeled in the same manner as for the 
other two parameters.
Tables 4 and 5 summarize the RCOG values for each of the four bed thickness 
variations (i - iv) at saturated thicknesses of 90 and 50 feet, respectively for the 
parameter of hydraulic conductivity. Tables 6 and 7 summarize the RCOG values 
for each of the four bed thickness variations (i - iv) at saturated thicknesses of 90 and 
50 feet, respectively for the parameter of transmissivity. RCOG values for both 
parameters ranged from a low of approximately 0.33 and 0.10 (silt layer as the 
thickest) to a high of approximately 0.42 and 0.25 (gravel layer as the thickest) for 
a saturated thickness of 90 and 50 feet, respectively. These results reveal that, even 
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A Â u*_ i u*
Ci Â A^







CO CO CO CO CO
rt o> CM CM CO oo CO CO CO CO 00 ^r
CO 00 CO CO in in in in in h- ■M- o




























UJ* so* e ? ;&§ S '







































































































































































































































































































































































thicknesses, the RCOG = 0.5 criterion is not met for the parameters of hydraulic 
conductivity and transmissivity and ground-water flow may need to be modeled by 
a multi-layer flow system.
Tables 8 and 9 summarize the RCOG values for each of the four variations (i - 
iv) at saturated thicknesses of 90 and 50 feet, respectively for the parameter of 
specific yield. These tables show a low of 0.48 and 0.30 (silt as the thickest unit) to 
a high of 0.53 and 0.52 (gravel as the thickest unit) for saturated thicknesses of 90 
and 50 feet, respectively.
This indicates that with thickness variations ranging from 10 to 25 feet, the 
RCOG =0.5  criterion is met under certain conditions for the parameter of specific 
yield and ground-water flow will need to be modeled in the same manner as for the 
other two parameters.
Inverting the geologic stack ("B" series) results in the same RCOG values for a 
fully saturated configuration. The RCOG values change proportionately with those 
of the "A" series for 90 and 50 feet of saturated thickness. The resulting RCOG 
values for these analyses are presented in Tables 10 through 18.
In general, this geologic configuration should be modeled as a multi-layer system. 
However, an assessment of the problem definition and scale will dictate whether this 
holds true in all cases.
Incomplete Two-cycle Fluvial
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weighted hydrogeologic parameter at the center of the geologic stack is acceptable 
for purposes of regionally modeling this configuration as a one-layer system. 
Changes in saturated thickness, bed thickness, and the vertical relationship of the 
beds would change the weighted value of the hydrogeologic parameter slightly, but 
not great enough to change the RCOG from 0.5 ±  0.1. Therefore, estimated 
parameters would equally distribute across the geologic sequence.
The method of moments for this geologic configuration (#3A(i)) indicates that 
the RCOG is exactly 0.50 for the originally assigned values of hydraulic conductivity 
and transmissivity and a RCOG of exactly 0.50 for the originally assigned values of 
specific yield. Inverting the geologic configuration (#3B(i)) results in a RCOG of 
exactly 0.50 for the originally assigned values of hydraulic conductivity and 
transmissivity and a RCOG of exactly 0.50 for the originally assigned values of 
specific yield. This indicates that for this geologic configuration, the RCOG =0.5  
is met for all three parameters and ground-water flow may be presented as a one- 
layer flow system. However, the distribution of lithologic units reveal that for 
hazardous waste studies, this one-layer flow system may not be representative.
Sensitivity analysis for this configuration shows that there is no change in the 
resulting RCOG value for any changes to the parameters of interest due to the 
symmetry of the geologic configuration.
Tables 1 and 2 summarize the RCOG values for each of the four bed thickness 
variations (i - iv) included in this sensitivity analysis for hydraulic conductivity and 
transmissivity, respectively. Values for each of the thickness variations were 0.50.
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RCOG values for the sensitivity analysis using specific yield as the parameter had 
similar results of 0.50 for all thickness variations. Table 3 summarizes the RCOG 
values for each of the four bed thickness variations (i - iv) included in this sensitivity 
analysis for specific yield.
Sensitivity analyses with these thickness variations shows that there is no change 
in the resulting RCOG value for any of the parameters of interest.
The changing of one versus two variables at a time had no effect on the resulting 
RCOG for all the parameters of interest under fully saturated conditions.
Adjusting the saturated thickness of the original geologic configuration (#3A(i)) 
to 90 and 50 feet resulted in a RCOG for hydraulic conductivity and transmissivity 
of approximately 0.56 and 0.75, respectively. Similar adjustment of the original 
geologic configuration's saturated thickness to 90 and 50 feet with respect to specific 
yield resulted in a RCOG of 0.54 and 0.52,respectively. This configuration at 50 feet 
of saturated thickness is the equivalent of a "B" series, fully saturated, one-cycle 
fluvial system (#4).
This shows that the RCOG = 0.5 criterion is not met for partially saturated 
conditions. Therefore, the ground-water flow can no longer be represented by a one- 
layer flow system. In addition, changes in hydraulic conductivity and transmissivity 
are more sensitive and, therefore, the investigator's experience becomes more 
important for assigning hydraulic conductivity values under partially saturated 
conditions.
The RCOG values for specific yield at these saturated thicknesses are insensitive
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and generally meet the RCOG = 0.5 criterion. However, ground-water flow will 
need to be modeled in the same manner as the other two parameters.
Tables 4 and 5 summarize the RCOG values for each of the four bed thickness 
variations (i - iv) at saturated thicknesses of 90 and 50 feet, respectively for the 
parameters of hydraulic conductivity. Tables 6  and 7 summarize the RCOG values 
for each of the four bed thickness variations (i - iv) at saturated thicknesses of 90 and 
50 feet, respectively for the parameter of transmissivity. Values for both parameters 
ranged from a low of approximately 0.56 and 0.75 (gravel layer as the thickest) to a 
high of approximately 0.56 and 0.90 (silt layer as the thickest) for a saturated 
thickness of 90 and 50 feet, respectively.
This shows that the RCOG = 0 .5  criterion is not met for partially saturated 
conditions. Therefore, the ground-water flow can no longer be represented by a one- 
layer flow system. In addition, RCOG values are more sensitive to changes in 
thickness under partially saturated conditions. Therefore, water level measurements 
are critical and must be carefully measured.
Tables 8 and 9 summarize the RCOG values for each of the four variations (i - 
iv) at saturated thicknesses of 90 and 50 feet, respectively for the parameter of 
specific yield. These tables show a low of 0.43 and 0.30 (silt as the thickest unit) to 
a high of 0.71 and 0.52 (gravel as the thickest unit) for saturated thicknesses of 90 
and 50 feet, respectively.
This shows that the RCOG = 0 .5  criterion is generally not met for partially 
saturated conditions. It is under these conditions that the RCOG values for the
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parameter of specific yield are sensitive. Therefore, the ground-water flow can no 
longer be represented by a one-layer flow system.
Inverting the geologic stack (NBN series) results in the same RCOG values for a 
fully saturated configuration. The RCOG values change proportionately with those 
of the "A" series for 90 and 50 feet of saturated thickness. The resulting RCOG 
values for these analyses are presented in Tables 10 through 18.
In general, this geologic configuration can be modeled as a one-layer flow system 
for saturated conditions. However, partially saturated conditions can greatly affect 
the resulting RCOG value and the potential to model the ground-water flow as a 
one-layer flow system.
One-cvcle Fluvial
Hypothesis: Since this geologic configuration has more than three quarters of its 
thickness dominated by sands and gravels, and the thickness is tested in 10* s and 
100’s of feet, it is hypothesized that the use of a weighted hydrogeologic parameter 
at the center of the saturated part of this geologic sequence is acceptable for 
purposes of modeling the ground-water flow as a one-layer flow system. Changes in 
saturated thickness, bed thickness, and vertical relationship of the beds would change 
the weighted value of the hydrogeologic parameter but not the ability to equally 
distribute that parameter across the stack. An estimated location for the RCOG of 
this configuration for hydraulic conductivity and transmissivity would be just above 
the center of the gravel layer due to its dominant thickness and permeability.
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The method of moments for this geologic configuration (#4A(i)) indicates that 
the RCOG is approximately 0.25 for the originally assigned values of hydraulic 
conductivity and transmissivity and a RCOG of approximately 0.52 for the originally 
assigned values of specific yield. Inverting the geologic configuration (#4B(i)) results 
in a RCOG of approximately 0.75 for the originally assigned values of hydraulic 
conductivity and transmissivity and a RCOG of approximately 0.48 for the originally 
assigned values of specific yield. This indicates that for this configuration, the RCOG 
= 0.5 criterion is not met for the parameters of hydraulic conductivity and 
transmissivity and generally met for the parameter of specific yield. Therefore, the 
ground-water flow may need to be modeled as a multi-layer system.
Sensitivity analysis for this configuration shows that a ±2 order of magnitude 
error in the estimation of the parameter of hydraulic conductivity or transmissivity 
is necessary to significantly change the RCOG value. This indicates a relative 
insensitivity of RCOG to these parameters. In addition, the sensitivity analysis for 
specific yield shows that RCOG is also insensitive to changes of ±15% for this 
parameter.
Tables 1 and 2 summarize the RCOG values for each of the four bed thickness 
variations (i - iv) included in this sensitivity analysis for hydraulic conductivity and 
transmissivity, respectively. Values ranged from a low of 0.10 when the silt layer was 
assigned as the thickest unit to a high of 0.25 when the gravel layer was assigned as 
the thickest unit. RCOG values for the sensitivity analysis using specific yield as the 
parameter of interest resulted in a low of 0.30 (silt layer as the thickest) to a high of
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0.52 (gravel layer as the thickest). Table 3 summarizes the RCOG values for each 
of the four bed thickness variations (i - iv) included in this sensitivity analysis for 
specific yield.
Sensitivity analyses revealed that, even with thickness variations ranging from 10 
to 25 feet, the RCOG = 0.5 criterion is not met for the parameters of hydraulic 
conductivity and transmissivity and met under only one condition for the parameter 
of specific yield. The resulting changes in RCOG values indicates the sensitivity of 
this configuration to changes in thickness as well as geology.
As with the two-cycle fluvial analyses, the results of changing one variable at a 
time in one direction was the same as changing two variables at a time in the 
opposite direction and vice versa. Changes to specific yield for one versus two 
parameters at a time, also resulted in similar changes in RCOG as described for the 
two-cycle fluvial geologic configuration. A notable exception is that the range of 
RCOG values, when both under- and over-estimating the specific yield value, is 
greater than that for the two-cycle fluvial geologic configuration.
Adjusting the saturated thickness to 90 and 50 feet resulted in a RCOG for 
hydraulic conductivity and transmissivity of approximately 0.28 and 0.50, respectively. 
Similar adjustment of the saturated thickness to 90 and 50 feet with respect to 
specific yield resulted in a RCOG of 0.57 and 0.50, respectively.
These RCOG values indicate, that for this geologic configuration and these 
saturated thicknesses, the RCOG = 0.5 criterion is generally not met (with the 
exception of when gravel is the thickest layer) for the parameters of hydraulic
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conductivity and transmissivity, and ground-water flow may need to be modeled by 
a multi-layer flow system except as noted. The RCOG values for specific yield at 
these saturated thicknesses are insensitive and generally meet RCOG = 0.5 criterion. 
However, ground-water flow for specific yield will need to be modeled in the same 
manner as the other two parameters.
Tables 4 and 5 summarize the RCOG values for each of the four bed thickness 
variations (i - iv) at saturated thicknesses of 90 and 50 feet, respectively for the 
parameter of hydraulic conductivity. Tables 6  and 7 summarize the RCOG values 
for each of the four bed thickness variations (i - iv) at saturated thicknesses of 90 and 
50 feet, respectively for the parameter of transmissivity. Values for both parameters 
ranged from a low of approximately 0 .11  and 0 .2 0  (silt layer as the thickest) to a high 
of approximately 0.28 and 0.50 (gravel layer as the thickest) fora saturated thickness 
of 90 and 50 feet, respectively.
These results reveal that, even with thickness variations ranging from 10 to 25 
feet, the RCOG =0.5criterion is generally not met and ground-water flow may need 
to be modeled as a multi-layer flow system.
Tables 8 and 9 summarize the RCOG values for each of the four variations (i - 
iv) at saturated thicknesses of 90 and 50 feet, respectively for the parameter of 
specific yield. These tables show a low of 0.33 and 0.46 (silt as the thickest unit) to 
a high of 0.57 and 0.50 (gravel as the thickest unit) for saturated thicknesses of 90 
and 50 feet, respectively.
This indicates that with thickness variations ranging from 10 to 25 feet, the
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RCOG = 0 .5  criterion is generally met when gravel is the thickest layer and 
generally not met under other conditions for the parameter of specific yield and 
ground-water flow will need to be modeled in the same manner as for the other two 
parameters.
Inverting the geologic stack ("B" series) results in the same RCOG values for a 
fully saturated configuration. The RCOG values change considerably for 90 and 50 
feet of saturated thickness. The resulting RCOG values for these analyses are 
presented in Tables 10 through 18.
This geologic configuration could be modeled as a one- or multi-layer flow 
system depending on the saturated thickness and geologic unit thickness of the actual 
configuration. An assessment of the problem definition and scale will determine 




For the "A" series of analyses, an under-estimation of the hydraulic conductivity 
or transmissivity for gravel results in a higher RCOG and an over-estimation of the 
same parameter for silt or sand results in an higher RCOG as well. The opposite 
holds true for the "B" series of analyses where an under-estimation of the parameter 
of hydraulic conductivity or transmissivity for gravel or an over-estimation of the 
same parameter for silt or sand results in a lower RCOG.
As the thicknesses are varied, the relative difference between the high and low 
RCOG values of the sensitivity analysis changes. In general, the relative difference 
between the high and low value of RCOG, when changing the silt layer’s hydraulic 
conductivity or transmissivity value, remains constant. However, the relative 
difference between the high and low value of RCOG, when changing the gravel or 
sand layer’s hydraulic conductivity or transmissivity value, decreases as the thickest 
unit changes from gravel to sand to silt.
As discussed previously, a RCOG value of 0.5 for a given parameter (i.e. 
hydraulic conductivity) in a given geologic configuration means that a weighted 
parameter for that configuration can be distributed evenly across the entire stack. 
A resulting RCOG = 0.5 indicates that, from a modeling perspective, the 
hydrogeologic section can be represented by a single-layer flow system. Should the 
resulting RCOG be less than or greater than 0.50, the configuration may need to be
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modeled as multi-layer flow system which incorporates an appropriate number of 
layers with a RCOG value equal to 0.50.
This general understanding of the RCOG = 0.5 criterion does not account for 
the effects of symmetry or scale on the resulting value. As was demonstrated with 
geologic configuration #3A (fully saturated), a weighted value of hydraulic 
conductivity distributed vertically across the entire stack for purposes of modeling the 
flow system would be correct based upon the result of the RCOG = 0.5 criterion. 
However, a RCOG =0.5 does not always indicate that the best representation of the 
flow system is by a one-layer flow model. This is illustrated by geologic configuration 
#3B which, while meeting the RCOG = 0.5 criterion, might be better represented 
by a two-layer flow system. The thickness of the central silt layers in #3B has a 
significant effect on the weighted value of hydraulic conductivity. In addition, flow 
in the upper sand and gravel units of this configuration may have little, if any, 
connection with the flow in the lower sand and gravel layers. Should the upper 
gravel contain a leaking underground storage tank, the modeling of this configuration 
as a single-layer flow system would not accurately portrait the movement of the 
contaminant throughout the geologic stack.
Additionally, the scale of the geologic configuration has an impact on the validity 
of the 0.5 criteria as well. Given example #3B where the thickness of the silt layers 
represent half of the overall thickness of the geologic configuration: if the total 
thickness of the geologic configuration was 1,000 feet, the 0.5 criteria would be 
misleading in that the upper and lower sand and gravel layers should be considered
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as two distinct aquifers; if, on the other hand, the total thickness of the geologic 
configuration is 1 foot, or possibly even 10 feet, the 0.5 criteria may make sense for 
the given application. Therefore, the problem definition will dictate to what degree 
the permeabilities of the individual layers should be considered.
Scale and problem definition are important factors for determining the 
appropriateness of the RCOG = 0.5 criterion. If the variability analysis for a given 
geologic configuration results in a RCOG values of 0.4, the user may conclude that 
the configuration should not be modeled as a single layer and instead should be 
divided into at least two layers with RCOG values equal to 0.5, respectively. If the 
total thickness of the configuration were 10 feet, then the RCOG value of 0.4 
indicates that the point at which the modeled parameter is equally distributed is 1 
foot below the center of the configuration. If the total thickness of the configuration 
were 1,000 feet, the same RCOG value indicates that the point at which the modeled 
parameter is equally distributed is 100 feet below the center of the configuration. 
As a percentage, these values are the same distance from the center of the 
configuration. On a vertical scale, these values are considerably different and may 
or may not have an impact on the decision to model this configuration as a single 
layer. In summary, scale, symmetry, and problem definition have an important 
function in the assessment of the vertical variability analysis and should be used as 
a "reality check" for the applicability of the resulting RCOG values. As is 
demonstrated in Figure 10, it is possible to get a RCOG = 0.5 if poor 
approximations of the modeled hydraulic parameter are made.
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The results of changing the specific yield parameter in relationship to the RCOG 
were very different from those of changing the hydraulic conductivity and 
transmissivity. In general for the "A" series, an under-estimation of the specific yield 
for gravel results in a higher RCOG whereas an under-estimation of the specific yield 
for silt or sand results in a lower RCOG (Figure 16). An over-estimation of specific 
yield for any of the three units results in the opposite movement of RCOG. As 
expected, the inverse is true for the "B" series of analyses (Figure 17).
For these analyses, the RCOG value tends to be the most insensitive to changes 
in the hydraulic parameters of the silt layer. An under-estimation of the hydraulic 
conductivity or transmissivity has no effect on the RCOG whereas an over-estimation 
of 5 orders of magnitude is necessary to produce a significant change. This indicates 
that the method is "weighted" toward higher hydraulic conductivity and transmissivity 
values which tend to result in significant RCOG changes at -2 orders of magnitude 
for gravel and +2 orders of magnitude for sand. Even when the silt layer is defined 
as the thickest unit (thickness configuration (ii)), only a 5 order magnitude over­
estimation of the hydraulic conductivity and transmissivity values results in a 


































































































































































































In conclusion, this study tested the applicability of using the method of moments 
to evaluate vertical variability of 217 variations of four geologic configurations. This 
study showed how the 0.5 criterion was or was not met for each configuration and 
how over- and under-estimations of the parameters of hydraulic conductivity, 
transmissivity, and specific yield can change the resulting RCOG values. This 
provided information for determining the potential of modeling ground-water flow 
as a one- or multi-layer system based upon the 0.5 criteria. In addition, this study 
showed how saturated and partially saturated conditions can affect the resulting 
RCOG of a given configuration.
The method of moments was chosen because it had been suggested as a means 
to estimate the variability of aquifer parameters such as hydraulic conductivity, 
transmissivity, storativity, and well yield (Weeks, Gutentag and Kolm, in press). This 
method uses lithologic and grain-size data available from drillers’ logs to provide an 
estimate of aquifer characteristics that can be useful for hydraulic analysis, computer 
modeling and well design.
The general methods were to calculate the center of gravity (COG) and the 
relative center of gravity (RCOG) for each of four simulated geologic configurations. 
The resulting RCOG values were tabulated along with those generated from various 
sensitivity analyses on the four geologic configurations. These sensitivity analyses
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included changes in bed thickness, in the originally assigned hydraulic parameters (k, 
T and Sy), in the layering sequences and in the saturated thickness conditions.
The four geologic configurations chosen were an eolian system, a two-cycle fluvial 
system, an incomplete two-cycle fluvial system, and a one-cycle fluvial system. 
Assumptions were made to minimize the number of potential alternatives and 
parameters which might affect the results of this study. These included maintaining 
a total configuration thickness of 100  feet and the assumption of water-table or 
unconfined conditions. The use of these four configurations represent a common, 
diverse range of geologic conditions and can be extrapolated to represent other 
conditions (i.e. the eolian configuration at the low hydraulic conductivity and 
transmissivity values can represent a mass movement deposit if considered as 
"homogeneously heterogenous").
Each geologic configuration was originally assigned values of hydraulic 
conductivity, transmissivity and specific yield based upon published values in Freeze 
and Cherry (1979) and Johnson (1967). These values were assigned to provide a 
large range of variation for purposes of establishing the vertical variability and 
sensitivity of the RCOG value.
A table and graph were constructed summarizing the RCOG results from each 
of the individual configurations tested. In total, this study included sensitivity 
analyses of 217 separate variations of the four original geologic configurations. 
Additional tables illustrating the resulting RCOG values as they relate to other 
configurations were also constructed.
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A review of the sensitivity analysis graphs indicates that their general appearance 
was predicted accurately by mathematical estimations using the general form of the 
equation applicable for that configuration. The mathematical analysis, however, was 
not able to qualitatively predict the location on the graphs where the slope of the 
RCOG line effectively became zero. The mathematical analysis was able to predict 
this at the extremes ( ± 00) and at zero.
An interesting result of the sensitivity study of the originally assigned hydraulic 
parameters is that a ± 2  order of magnitude error in the original estimation of 
hydraulic conductivity or transmissivity for any one of the three lithologic units, 
where symmetry is not dominant, has little effect on the RCOG. Beyond the ±2 
orders of magnitude change, the RCOG value changes enough to be non­
representative of the actual configuration. For the "AM series of analyses, an under­
estimation of the hydraulic conductivity or transmissivity for gravel results in a higher 
RCOG and an over-estimation of the same parameter for silt or sand results in an 
increased RCOG as well. For the "B" series of analyses, an under-estimation of the 
hydraulic conductivity or transmissivity for gravel results in a lower RCOG and an 
over-estimation of the same parameter for silt or sand results in a lower RCOG as 
well.
This generally holds true for the parameter of specific yield as well. However, 
specific yield is a percentage and therefore can not be altered by orders of 
magnitude. Thus, changes to specific yield in the sensitivity analyses did not result 
in values greater than 1.0 and less than 0.0. Results of such changes indicate that
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over-estimations of the specific yield do not significantly change the resulting RCOG 
values for that configuration. However, an under-estimation (i.e. where the specific 
yield of a specific unit is close to 0.0) may have a significant impact on the RCOG 
value.
The method of moments analysis for the hydraulic parameters of hydraulic 
conductivity, transmissivity, and specific yield on the four geologic configuration 
produced some interesting results.
For the eolian configuration, it was determined that the RCOG for any possible 
variation of this configuration is 0.5. Therefore, a ground-water flow system in this 
configuration can be modeled with a one-layer flow system. The insensitivity of this 
configuration to all changes considered within the body of this report suggests 
previous experience is not critical for using and applying this method.
For the two-cycle fluvial configuration, it was determined that the RCOG = 0.5 
criterion was not met for hydraulic conductivity and transmissivity ( ± 2  orders of 
magnitude), and specific yield (±25%). Therefore, the ground-water flow for this 
configuration may need to be modeled as a multi-layer flow system which contains 
as many layers as is necessary to ensure that all layers meet the RCOG = 0.5 
criterion. This indicates that an inexperienced investigator could over- or under­
estimate the given parameters within the suggested bounds and still calculate a 
RCOG value for the configuration that represents the "true" RCOG of the 
configuration. However, problem definition and scale play a part in the usefulness 
of the resulting RCOG. A variance of ±0.1 from the RCOG = 0.5 criterion may be
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more significant on a regional scale than on a site-specific scale.
For the incomplete two-cycle fluvial configuration, it was determined that the 
RCOG = 0.5 criterion was met for all three hydraulic parameters under fully 
saturated conditions (±10 orders of magnitude for hydraulic conductivity and 
transmissivity, and ±25% for specific yield). Therefore, the ground-water flow for 
this configuration can be modeled as a one-layer flow system.
For this configuration, the RCOG = 0.5 criterion can be met if lithologic units 
of the same thickness are arranged symmetrically around the center of the geologic 
stack. Therefore, understanding the geologic sequence of this configuration and its 
significance to the problem definition is vital to the understanding of the resulting 
RCOG and more importantly, its applicability to determine whether to model the 
system as a one-layer system or not.
Under partially saturated conditions the incomplete two-cycle fluvial 
configuration acts differently. The RCOG = 0.5 criterion is not met for any of the 
hydraulic parameters. In these cases, the ground-water flow may need to be modeled 
as a multi-layer flow system. In particular, it was observed that the parameter of 
transmissivity was very sensitive to changes in the saturated thickness of this 
configuration.
For the one-cycle fluvial configuration, it was determined that the RCOG = 0.5 
criterion was not met for ±2 orders of magnitude for the parameters of hydraulic 
conductivity and transmissivity under fully saturated conditions. Additionally, the 
RCOG = 0.5 criterion was met under certain conditions for the parameter of specific
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yield. However, modeling of the ground-water flow would be dictated by the other 
two parameters and therefore, may need to be modeled as a multi-layer flow system.
Under partially saturated conditions the one-cycle fluvial configuration meets the 
RCOG = 0.5 criterion under certain conditions for all the hydraulic parameters. 
Ground-water flow for this configuration may be modeled as a one- or multi-layer 
flow system depending on the various saturated conditions and/or thickness 
variations encountered.
This study has shown quantitatively the application and sensitivity of vertical 
variability using the method of moments to theoretical geologic configurations. 
Future work should focus on further testing and application of the method to real 
geologic situations and problems, and vertical ground-water flow analysis.
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Example Spreadsheets and Calculations 































SILT 1 10.0 0.1 85.00 6.0 0.1 8.50
SAND 2 15.0 10.0 82.50 6.0 10.0 825.00
GRAVEL 3 25.0 10000.0 62.50 6.0 10000.0 625000.00
SILT 4 10.0 0.1 45.00 6.0 0.1 4.50
SAND 5 15.0 10.0 32.50 6.0 10.0 325.00
GRAVEL 6 25.0 10000.0 12.50 6.0 10000.0 125000.00
100 20020.20 >51164.00 i>.52 0.38


























(fining upward) 1 10.0 1.0 85.00 6.0 1.0 85.00
2 15.0 10.0 82.50 6.0 10.0 625.00
3 25.0 10000.0 62.50 6.0 10000.0 625000.00
4 10.0 1.0 45.00 6.0 1.0 45.00
5 15.0 10.0 32.50 6.0 10.0 325.00
6 25.0 10000.0 12.50 6.0 10000.0 125000.00
100 20022.00 751290.00 37.52 6.36


























(fining upward) 1 10.0 0.1 95.00 6.0 0.1 9.50
2 15.0 100.0 82.50 6.0 100.0 8250.00
3 25.0 10000.0 62.50 6.0 10000.0 625000.00
4 10.0 0.1 45.00 6.0 0.1 4.50
5 15.0 100.0 32.50 6.0 100.0 3250.00
6 25.0 10000.0 12.50 6.0 10000.0 125000.00
100 20200.20 >61514.00 37.70 0.38



























(fining upward) 1 10.0 0.1 85.00 6.0 0.1 9.50
2 15.0 10.0 82.50 6.0 10.0 625.00
3 25.0 100000.0 62.50 6.0 100000.0 6250000.00
4 10.0 0.1 45.00 6.0 0.1 4.50
5 15.0 10.0 32.50 6.0 10.0 325.00
8 25.0 100000.0 12.50 6.0 100000.0 1250000.00































SILT I 10.0 0.1 85.00 8.0 81 850
8AN0 2 15.0 m o •2.50 80 10.0 •25.00
GRAVEL 2 25.0 10000.0 62.50 80 10000.0 •25000.00
8 ILT 4 m o 0.1 45.00 80 81 850
8ANO S m o ia o 32.50 80 10.0 325.00
GRAVEL e 25.0 10000.0 12.50 80 10000.0 125000.00
100 20020.20 751164.00 37.52 0.35



























(fining upward) 1 10.0 1.0 65.00 8 0 1.0 65.00
2 150 100.0 •250 8 0 100.0 •250.00
3 25.0 10000.0 6250 80 10000.0 •25000.00
4 10.0 1.0 4500 80 1.0 45.00
5 15.0 100.0 32.50 80 100.0 3250.00
fl 25.0 10000.0 12.50 0.0 10000.0 125000.00
100 2020200 701640.00 37.70 0.38



























(fining upward) 1 10.0 0.1 •5.00 80 0.1 8.50
2 15.0 100.0 •2.50 6.0 100.0 8260.00
3 25.0 100000.0 82.50 8 0 100000.0 •250000.00
4 10.0 81 45.00 6.0 0.1 4.50
5 15.0 100.0 3250 80 100.0 3230.00
• 25.0 100000.0 12.50 80 100000.0 1250000.00
100 200200.20 7511514.00 37.52 0.38



























(fining upward) 1 10.0 1.0 85.00 8 0 1.0 85.00
2 150 10.0 •2.50 80 10.0 825.00
3 25.0 100000.0 •250 8 0 100000.0 •250000.00
4 180 1.0 46.00 8 0 1.0 45.00
5 16.0 10.0 3250 80 180 325.00
• 25.0 100000.0 12.50 8 0 100000.0 1250000.00































SILT 1 25.0 0.1 67.50 6.0 0.1 8.75
SAND 2 15.0 10.0 67.50 6.0 10.0 675.00
GRAVEL 3 10.0 10000.0 55.00 6.0 10000.0 550000.00
SILT 4 25.0 0.1 37.50 6.0 0.1 3.75
SAND 5 15.0 10.0 17.50 6.0 10.0 175.00
GRAVEL 6 10.0 10000.0 5.00 6.0 10000.0 60000.00
100 20020.20 600862.50 30.01 6.30



























(fining upward) 1 25.0 1.0 87.50 6.0 1.0 67.50
2 15.0 10.0 67.50 6.0 10.0 675.00
3 10.0 10000.0 55.00 6.0 10000.0 550000.00
4 25.0 1.0 37.50 6.0 1.0 37.50
5 15.0 10.0 17.50 6.0 10.0 175.00
6 10.0 10000.0 5.00 6.0 10000.0 50000.00



























(fining upward) 1 25.0 0.1 87.50 6.0 0.1 8.75
2 15.0 100.0 67.50 6.0 100.0 6750.00
3 10.0 10000.0 55.00 6.0 10000.0 550000.00
4 25.0 0.1 37.50 6.0 0.1 3.75
5 15.0 100.0 17.50 6.0 100.0 1750.00
6 10.0 10000.0 5.00 6.0 10000.0 50000.00
100 20200.20 608512.50 30.12 0.30



























(fining upward) 1 25.0 0.1 87.50 6.0 0.1 8.75
2 15.0 10.0 67.50 6.0 10.0 675.00
3 10.0 100000.0 55.00 6.0 100000.0 5500000.00
4 25.0 0.1 37.50 6.0 0.1 3.75
5 15.0 10.0 17.50 6.0 10.0 175.00
6 10.0 100000.0 5.00 6.0 100000.0 500000.00




























SILT 1 39.0 0.1 07.90 0 0 01 079
SAND 3 19.0 10.0 07.90 0 0 100 079.00
GRAVEL 3 1 00 10000.0 99.00 0 0 10000.0 990000.00
SILT 4 89.0 0.1 37.90 0 0 0.1 079
SAND S 19.0 10.0 17.90 0 0 10.0 179.00
GRAVEL 0 10.0 10000.0 9.00 0 0 10000.0 90000 00
100 20020.20 000662.90 90 01 0.30



























(fining upward) 1 39.0 1.0 67.90 0 0 1.0 67.90
3 19.0 100.0 07.60 6.0 100.0 6790.00
3 10.0 10000.0 99.00 6.0 10000.0 990000.00
4 39.0 1.0 37.90 0.0 1.0 37.90
6 190 100.0 17.90 0.0 100.0 1790.00
0 10.0 10000.0 9.00 6.0 10000.0 90000.00
100 20202.00 600629.00 30.13 0.30



























(fining upward) 1 39.0 0.1 67.90 6.0 0.1 6.79
3 19.0 100.0 67.90 6.0 100.0 6750.00
3 10.0 100000.0 99.00 6.0 100000.0 9900000.00
4 29.0 01 37.90 6.0 01 3.79
9 19.0 100.0 17.90 6.0 1000 1790.00
6 1 00 1000000 9.00 0.0 100000.0 90000000
100 200200.20 6008512 50 30 01 0.30



























(fining upward) 1 35.0 1.0 67.90 6.0 1.0 07.90
3 15.0 10.0 67.90 6.0 100 675.00
3 10.0 100000.0 99.00 6.0 100000.0 6500000.00
4 39.0 1.0 37.90 6.0 1.0 37.50
9 19.0 10.0 17.90 6.0 10.0 175.00
0 10.0 100000.0 9.00 0 0 100000.0 900000.00
























" "  V f e s T E b " " "  
PARAMETER 





SILT 1 10.0 0.1 09.00 0.0 51 9.90
SAND 2 29.0 10.0 77.90 0.0 10.0 77500
GRAVEL 3 19.0 10000.0 97.90 0.0 10000.0 979000.00
SILT 4 10.0 0.1 45.00 0.0 0.1 4.90
SAND 5 29.0 10.0 27.90 0.0 10.0 279.00
GRAVEL 0 19.0 10000.0 7.90 5 0 10000.0 79000.00
100 20020.20 091064.00 32.92 0.33





















PARAMETER P*M COG RCOG
#2A<iii)
Two-cycla fluvial
1 10.0 1.0 99.00 0.0 1.0 99.00
2 29.0 10.0 77.90 0.0 10.0 779.00
3 150 10000.0 97.90 6.0 10000.0 979000.00
4 10.0 1.0 49.00 6.0 1.0 49.00
9 250 10.0 27.90 6.0 10.0 275.00
0 19.0 10000.0 7.60 6.0 10000.0 79000.00
100 20022.00 691190.00 32.52 0.33



























1 10.0 0.1 . 95.00 50 0.1 9.90
2 25.0 100.0 77.50 50 100.0 7750.00
3 15.0 10000.0 57.90 6.0 10000.0 575000.00
4 10.0 0.1 45.00 6.0 0.1 4.50
6 2S.0 100.0 27.50 6.0 1050 2790.00
0 16.0 10000.0 7.60 6.0 10000.0 79000.00
100 20200.20 060514.00 32.70 0.33



























1 10.0 51 9500 6.0 51 6.90
2 29.0 10.0 77.90 5 0 10.0 77500
3 15.0 100000.0 97.50 6.0 100000.0 6750000.00
4 10.0 0.1 45.00 6.0 0.1 4.90
5 25.0 10.0 27.90 6.0 10.0 276.00
6 150 100000.0 7.90 6.0 100000.0 750000.00
100 200020.20 8501064.00 32.50 0.33
ER-4148





























SILT a 10.0 0.1 06.00 6.0 0 1 080
SANO 9 a s o 10.0 77.50 6.0 10.0 776.00
GRAVEL 4 16.0 . 10000.0 67.60 60 10000.0 678000.00
SILT 6 100 0.1 49.00 6.0 01 4.60
SANO e a s o 10.0 27.60 6.0 10.0 276.00
GRAVEL 16.0 10000.0 7.60 6.0 10000.0 76000.00
100 20020.20 691064.00 32.82 0.33



























1 10.0 1.0 •5.00 6.0 1.0 •5.00
2 25.0 100.0 77.60 6.0 100.0 7750.00
9 16.0 10000.0 67.50 6.0 10000.0 676000.00
4 10.0 1.0 45.00 6.0 1.0 45.00
6 25.0 100.0 27.60 6.0 100.0 2750.00
6 15.0 10000.0 7.80 6.0 10000.0 75000.00
100 20202.00 660640.00 92.70 0.33



























1 10.0 0.1 •5.00 6.0 0.1 8.50
2 25.0 100.0 77.50 6.0 100.0 7750.00
3 15.0 100000.0 57.50 6.0 100000.0 9750000.00
4 10.0 0.1 45.00 6.0 0.1 4.50
5 25.0 100.0 27.50 8.0 100.0 2750.00
6 15.0 100000.0 7.50 6.0 100000.0 750000.00
100 200200.20 9510514.00 32.52 0.33



























1 10.0 1.0 •5.00 6.0 1.0 85.00
a 25.0 10.0 77.50 a o 150 775.00
9 15.0 100000.0 57.60 a o 100000.0 6750000.00
4 10.0 1.0 45.00 a o 1.0 46.00
5 25.0 10.0 27.90 a o 10.0 276.00
6 16.0 100000.0 7.50 a o 100000.0 75000500
100 200022.00 6501100.00 92.50 0.33
ER-4148





























SILT 1 167 0.1 61.67 6.0 0.1 6.17
SANO 2 16.7 10.0 79.00 6.0 10.0 790.00
GRAVEL 3 167 10000.0 66.33 6.0 10000.0 983333.33
SILT 4 16.7 0.1 41.67 6.0 0.1 4.17
8AN0 9 16.7 10.0 29.00 6.0 10.0 290.00
GRAVEL e 16.7 10000.0 6.33 6.0 10000.0 63333.33
100 20020.20 667680.00 33.39 0.33


























Two<y da  fluvial
1 16.7 1.0 81.67 6.0 1.0 81.67
2 16.7 10.0 79.00 6.0 10.0 790.00
3 16.7 10000.0 96.33 6.0 10000.0 963333.33
4 16.7 1.0 41.67 6.0 1.0 41.67
9 16.7 10.0 29.00 6.0 10.0 290.00
6 16.7 10000.0 8.33 60 10000.0 63333.33
100 20022.00 687800.00 33.39 0.33



























1 16.7 0.1 81.87 6.0 0.1 8.17
2 16.7 1W.0 75.00 6.0 100.0 7500.00
3 16.7 10000.0 58.33 6.0 10000.0 963333.33
4 16.7 0.1 41.67 6.0 0.1 4.17
9 16 7 100.0 25.00 6.0 100.0 2500.00
6 16.7 10000.0 8.33 6.0 10000.0 63333.33
t o o 20200.20 676680.00 33.50 0.33



























1 16.7 O.i 81.67 8 0 0.1 8.17
2 16.7 10.0 75.00 6.0 10.0 790.00
3 18.7 100000.0 96.33 6.0 100000.0 6833333.33
4 16.7 0.1 41.67 6.0 0.1 4.17
6 16.7 10.0 29.00 8 0 10.0 290.00
6 16.7 100000.0 933 6.0 100000.0 633333.33
.
100 200020.20 6867680.00 33.34 0.33
ER-4148



























SILT t 16.7 61 61.67 6.0 0.1 617
8 AND 2 16.7 10.0 7600 60 10.0 790.00
GRAVEL 3 16.7 10000.0 66.33 6 0 10000.0 603333.33
SILT 4 167 61 41.87 60 61 4.17
SANO 9 167 160 89.00 6 0 10.0 890.00
GRAVEL e 167 10000.0 633 6 0 10000.0 63333.33
100 20020.20 |  667680.00 33.39 0.33




















PARAMETER P*M COG RCOG'
#2A(M
Two-cycla fluvial
1 167 1.0 6167 60 1.0 61.67
8 167 100.0 76.00 6 0 100.0 7900.00
3 18.7 10000.0 96.33 6 0 10000.0 663333.33
4 167 1.0 41.67 60 1.0 41.67
9 167 100.0 89.00 60 100.0 8900.00
6 167 10000.0 6.33 6.0 10000.0 63333.33
100 20208.00 876600.00 3 i i i 0.34



























1 167 0.1 61.67 60 0.1 8.17
2 18.7 100.0 7500 6.0 100.0 7500.00
3 167 100000.0 96.33 60 100000.0 6633333.33
4 16.7 0.1 41.67 6 0 0.1 4.17
9 16.7 100.0 89.00 60 100.0 2500.00
6 16.7 100000.0 633 6.0 100000.0 833333.33
100 200200.20 6676680.00 33.35 0.33



























1 16.7 1.0 61.67 60 1.0 61.67
8 167 10.0 75.00 60 10.0 790.00
3 18.7 100000.0 5633 60 100000.0 9633333.33
4 167 1.0 41.97 60 1.0 41.67
5 167 10.0 89.00 60 10.0 890.00
6 18.7 100000.0 633 60 100000.0 S33333.33
100 200022 00 6667600.X 33.34 0.33
ER-4148
H m m d t  •.■*0NBTTVTY\n#2A«.wg1
ORKMNAL



























SIT 1 10.0 a i 8900 0.0 14) oaoo
8 ANO 8 190 10.0 02.00 a o io ao 12370.00
GRAVEL 9 290 10000.0 •2.90 a o 890000.0 1008900000
but 4 ia o 0.1 45.00 a o 141 4000
SANO B 15.0 i a o 32.00 a o 100.0 4070.00
GRAVEL B 29.0 10000.0 12.50 a o 200000.0 312900000
too 000302.00 10707380.00 37.01 030



























(fining upward) 1 10.0 1.0 oaoo ao 100 860.00
8 10.0 10.0 •2.90 ao 100.0 1237000
3 29.0 10000.0 02.00 ao 290000.0 10029000.00
4 10.0 1.0 4000 ao 1O0 460.00
0 19.0 10.0 32.00 ao 1900 4079.00
0 29.0 10000.0 12-90 ao 290000.0 3129000.00
100 00032000 10708650.00 37.01 036























P - T )




(fining upward) 1 10.0 Ol 8900 0.0 1.0 89.00
2 15.0 100.0 •2.90 ao 1900.0 123790.00
3 25.0 10000.0 62.00 ao 290000.0 19029000.00
4 10.0 0.1 4900 ao 1.0 49.00
5 15.0 100.0 32.00 ao 1000.0 46790.00
• 29.0 10000.0 1290 0.0 290000.0 3129000.00
100 903002.00 16822640.00 37.62 0.38



























(lining upward) 1 100 91 8900 9 0 1.0 80.00
2 190 100 82.90 9 0 100.0 1237900
3 29.0 100000.0 02.90 9 0 2900000.0 190200000.00
4 100 0.1 4900 9 0 1.0 45.00
9 190 10.0 32.00 9 0 190.0 4879.00
• 29.0 100000.0 12.90 9 0 29000000 31290000.00
100 0000302.00 167517380.00 37.90 036
ER-4148




























SILT 1 iao a i oaoo ao 1.0 oaoo
SANO 8 iao iao <2.50 ao 150.0 12375.00
GRAVEL 3 25.0 loooao <2.50 ao 850000.0 15823000.00
SILT 4 10.0 0.1 40.00 ao 1.0 4500
SANO S iao iao 3250 ao 150.0 4075.00
GRAVEL e sao 10000.0 1250 ao 890000.0 3185000.00
100 50030200 10707300.00 37.51 aso




























(fining upward) 1 10.0 1.0 oaoo ao iao 830.00
8 15.0 100.0 <2.50 ao 1500.0 12375000
3 83.0 10000.0 3250 ao 850000.0 15325000.00
4 10.0 1.0 4aoo ao tao 4saoo
5 iao 100.0 3250 ao 1500.0 48750.00
0 85.0 10000.0 1250 ao 850000.0 3125000.00
100 503020.00 18923800.00 37.32 0.38




























(fining upward) 1 10.0 0.1 85.00 8.0 1.0 85.00
a 15.0 100.0 8250 ao 1500.0 123730.00
3 23.0 100000.0 8250 ao 2500000.0 156250000.00
4 iao 0.1 40.00 ao 1.0 45.00
6 13.0 100.0 32.50 ao 1500.0 48750.00
8 25.0 100000.0 1250 ao 85000000 31250000.00
100 500300200 187672640.00 37.51 0.38




























[fining upward) 1 10.0 1.0 85.00 ao iao 850.00
2 iao 10.0 8250 ao 150.0 1237500
3 25.0 100000.0 8260 ao 2500000.0 158250000.00
4 10.0 1.0 4500 ao 10.0 450.00
5 15.0 iao 3250 ao 150.0 4875.00
S 25.0 100000.0 1250 ao 2sooooao 31250000.00
100 6000320.00 18751865500 37.50 0.38
ER-4148





























SILT 1 29.0 a i •7.50 SO 2.5 21575
SANO 2 15.0 10.0 •7.50 SO 150.0 10125.00
GRAVEL 3 iao 10000.0 55.00 SO 100000.0 6500000.00
V L i 4 29.0 0.1 37.50 ao 2.5 8375
SANO S 15.0 10.0 17.50 ao 160.0 2925.00
GRAVEL S iao 10000.0 5 0 0 ao 100000.0 500000.00
100 200305.00 •013062.50 30.02 0.30






















P - T )




1 25.0 1.0 •7.50 a o 23.0 2187.50
2 15.0 10.0 87.50 a o 150.0 10125.00
3 i a o 10000.0 5 500 5 0 100000.0 5500000.00
4 25.0 1.0 37.50 5 0 2 5 0 837.50
5 15.0 10.0 17.50 5 0 150.0 2825.00
• 10.0 10000.0 5 0 0 5 0 100000.0 500000.00
106 200350.00 e6i5875.Ab 56.631 0.30























P - T )




1 25.0 0.1 •7.60 50 2.5 215.75
2 15.0 100.0 •7.50 50 1500.0 101250.00
3 10.0 10000.0 55.00 50 100000.0 5500000.00
4 25.0 0.1 37.50 50 25 83.75
5 15.0 1050 17.50 50 1500.0 26250.00
6 10.0 10000.0 5.00 50 100000.0 500000.00
100 203005.00 6127812.50 30.18 0.30























P - T )




1 25.0 0.1 •7.50 6.0 2 5 21575
2 15.0 10.0 •7.80 5 0 150.0 10125.00
3 10.0 100000.0 55.00 5 0 1000000.0 56000000.00
4 25.0 a i 37.50 5 0 2 5 83.73
5 15.0 10.0 17.50 5 0 150.0 2825.00
• 10.0 100000.0 5.00 5 0 1000000.0 5000000.00
100 2000305.00 60013062.50 30.00 0.30
ER-4148





























SILT 1 85.0 a i 17.80 5 0 5 8 81578
SANO 8 150 10.0 87.50 5 0 1850 1018500
GRAVEL 9 i a o lo o o a o 8 500 5 0 looooao 980000500
85T 4 250 a i 97.80 5 0 55 9 575
8AN0 B 150 ia o 17.80 5 0 150.0 8825.00
GRAVEL a i a o 10000.0 5 0 0 5 0 100000.0 800000.00
100 30030500 8019082.80 9 502 0.90
VARYING (14 ■ ONE ORDER OF MAGNITUDE ■ 98.T ANO SAW ONLY



























1 85.0 1.0 87.50 5 0 850 8187.90
8 150 100.0 87.80 5 0 1800.0 101890.00
9 10.0 10000.0 8500 5 0 1000050 890000500
4 88.0 1.0 97.80 5 0 88.0 997.90
6 19.0 100.0 17.80 5 0 1800.0 88850.00
• 10.0 10000.0 500 5 0 100000.0 800000.00
100 809080.00 8190685.00 90.18 590




























1 85.0 0.1 87.50 50 2.8 818.75
8 15.0 100.0 87.90 50 1900.0 101890.00
9 10.0 100000.0 55.00 50 1000000.0 89000000.00
4 85.0 0.1 97.90 50 2.5 93.75
8 19.0 100.0 17.90 8.0 1900.0 8885500
6 10.0 100000.0 8.00 5 0 1000000.0 8000000.00
100 2003005.00 80127812.50 90.02 0.30























P - T )




1 85.0 1.0 87.90 5 0 850 8187.90
8 150 10.0 87.50 5 0 1950 10129.00
9 10.0 100000.0 69.00 50 1000000.0 89000000.00
4 85.0 14) 97.90 5 0 850 937.90
8 150 150 17.90 5 0 190.0 8888.00
9 150 100000.0 500 5 0 10000050 800000500
100 8000350.00 80019875.00 90.00 0.30
ER-4148
























P - T )





SILT 1 i a o 0.1 oaoo a o 1.0 o a o o
SAND S 25.0 i a o 77.90 a o 250.0 1037500
GRAVEL 3 1S.0 10000.0 57.50 ao 150000.0 •925000.00
SILT 4 10.0 a i 4500 ao 1.0 o aoo
SANO e 29.0 i a o 27.90 ao 250.0 9979.00
GRAVEL • 15.0 ioooao 7.90 a o tooooao 1129000.00
100 300502.00 0770300.00 32.53 0.33























f» « T )




1 10.0 1.0 •5.00 a o ia o 050.00
2 29.0 10.0 77.50 a o 250.0 10375.00
3 15.0 10000.0 97.50 a o 150000.0 •025000.00
4 10.0 1.0 45.00 a o ia o 490.00
9 25.0 10.0 27.90 a o 250.0 0675.00
• 190 10000.0 7.50 a o 150000.0 1129000.00
100 300520.00 •777950.00 32.54 0.33























P - T )




1 10.0 a i •500 a o 1.0 •9.00
2 25.0 100.0 77.50 ao 2500.0 103790.00
3 15.0 10000.0 57.90 ao 150000.0 0925000.00
4 10.0 0.1 45.00 ao 1.0 45.00
9 250 100.0 27.50 a o 2900.0 08750.00
9 15.0 10000.0 7.50 ao 150000.0 1125000.00
100 305002.00 10012640.00 32.83 0.33


























1 10.0 a i •500 a o 1.0 •9.00
2 25.0 ia o 77.50 a o 250.0 1037500
3 150 100000.0 57.90 a o 1500000.0 00250000.00
4 10.0 a i 4500 ao 1.0 45.00
9 25.0 10.0 27.90 a o 250.0 •87500
• 15.0 100000.0 7.50 a o 1500000.0 11250000.00
100 3000502.00 07526300.00 32.50 0.33
ER-4148






























86T 1 ia o a i oaoo 6 0 1.0 0600
SANO 8 2 6 0 ia o 77.90 6 0 asao 1037600
GRAVEL 3 160 10000.0 67.90 6 0 laoooao 5589000,00
81LT 4 ia o a i 4600 60 1.0 4600
SANO B 85.0 ia o 27.90 6 0 850.0 •67600
GRAVEL • ia o 10000.0 7.B0 60 150000.0 1128000.00
100 300502.00 8776380.00 32.53 0.33























P - T )
[ T - te ]
p m COG RCOG
*2A()H)
Two-cyd* fluvial
1 10.0 1.0 9600 60 10.0 090.00
8 85.0 100.0 77.50 60 2900:0 193790.00
3 160 10000.0 57.50 60 150000.0 9529000.00
4 10.0 1.0 4600 60 10.0 450.00
5 89.0 100.0 87.50 6.0 8900.0 •8750.00
• 160 10000.0 7.50 60 190000.0 1125000.00
100 305020.00 10013000.00 32.53 0.33
VARYING (IQ - ONE OROER OF MAQNITUOE - SAND ANO GRAVEL ONLY


























1 10.0 0.1 95.00 6 0 1.0 95.00
2 25.0 100.0 77.50 6.0 2500.0 193750.00
3 15.0 100000.0 57.50 6 0 1500000.0 •8250000.00
4 10.0 0.1 46.00 6 0 1.0 45.00
5 25.0 100.0 87.50 60 2900.0 •8750.00
• 15.0 1000000 7.60 6 0 1500000.0 11250000.00
100 3005002.00 97752640.00 32.53 0.33























P - T )




i 10.0 1.0 •600 60 ia o 050.00
8 85.0 10.0 77.50 60 890.0 19375.00
3 19.0 100000.0 57.50 60 1500000.0 88850000.00
4 ia o 1.0 45.00 60 10.0 460.00
5 860 10.0 87.50 6 0 890.0 •87600
8 , 160 100000.0 7.90 6 0 1500000.0 1189000600
100 3000520.00 97527650.00 32.50 0.33
ER-4148























P -T ) 
IT-kb]




84-T 1 ie .7 a i 01.67 a o 1.7 10576
SANO a 14.7 10.0 75.00 a o 165.7 1290500
ORAVEL a 157 10000.0 U » a o 1606057 672222? 77
85T 4 10.7 a i 41.67 a o 1.7 66.44
SANO s 16.7 ia o 2500 a o 1057 4166.67
ORAVEL • 18.7 10000.0 ass a o 1600657 136688566
100 63367500 1112800500 33.36 0.33























P - T )




1 16.7 14) 61.67 5 0 157 1827.76
2 16.7 10.0 7500 5 0 106.7 12900.00
3 16.7 100050 6533 5 0 166666.7 872222522
4 157 1.0 41.67 50 16.7 66444
6 10.7 10.0 2500 50 1657 4166.67
6 16.7 10000.0 533 50 1066657 1366886.66
100 333700.00 11130000.00 33.39 0.33























P - T )




1 16.7 0.1 81.67 5 0 1.7 19576
2 18.7 100.0 7500 5 0 1686.7 129000.00
3 157 10000.0 8533 50 1666657 072222522
4 16.7 0.1 41.67 50 1.7 6544
8 157 100.0 28.00 50 1006.7 41666.67
8 157 10000.0 533 5 0 100666.7 1366866.88
100 336670.00 11276000.00 33.50 0.33






















P - T )




1 157 0.1 81.07 5 0 1.7 19576
2 157 10.0 7500 50 166.7 12900.00
3 157 100000.0 98.33 5 0 1666060.7 6722222522
4 18.7 a i 41.87 5 0 1.7 66.44
6 18.7 i a o 2500 5 0 1657 4168.67
6 18.7 100000.0 533 5 0 16660657 13888688.88


























P - T )
r r -  kb]
P*M OOQ RCOQ
* 2 A ( M
Two^yel* fluvial
[fining upward)
69T 1 1ST 0.1 •1 4 7 9 0 1.7 19979
SANO 8 19.7 10.0 76.00 9 0 1997 18900.00
ORAVEt 9 19.7 10000.0 69.33 9 0 1999997 878222988
81LT 4 197 a i 41.97 9 0 1.7 98.44
SANO 9 197 10.0 89.00 9 0 199.7 4199.97
ORAVEt 9 19.7 loooao 9 3 9 9 0 199999.7 199899998
100 33367000 11189000.00 99.39 0.93






















P - T )




1 18.7 1.0 91.97 9 0 197 1987.76
2 197 100.0 75.00 9 0 1998.7 129000.00
9 197 10000.0 99.99 90 196899.7 8722222.82
4 18.7 1.0 41.97 9 0 197 984.44
9 197 1090 8900 9 0 1896.7 41989.97
8 18.7 10000.0 993 9 0 1966997 1988899.88
100 996700.00 1128000900 93.50 934























P - T )




1 16.7 0.1 81.67 9 0 1.7 158.76
2 18.7 100.0 7900 90 1886.7 125000.00
9 16.7 100000.0 56.39 6.0 18686697 87828822.82
4 197 0.1 41.87 9 0 1.7 98.44
5 16.7 100.0 8900 9 0 1666.7 41888.67
8 16.7 100000.0 6.33 9 0 1666666.7 13868888.88
100 333667900 111878000.00 33.35 0.33
VARYING (X) • ONE OROER OF MAGNITUDE - SILT AND ORAVEL ONLY






















P - T )




1 197 1.0 81.67 9 0 19.7 1527.78
8 197 10.0 7900 9 0 1897 12500.00
9 197 100000.0 5933 9 0 1969606.7 87222222.22
4 197 1.0 41.67 9 0 197 684.44
5 197 10.0 29.00 9 0 188.7 419987
6 197 100000.0 933 9 0 1889668.7 tUAAAJU) M  liWwOOwQtwE
100 333370900 111130000.00 33.34 933
ER-4148























(P - 8 y )




8ILT 1 10.0 0.08 95.00 6.0 s o e 7.60
SANO 2 15.0 926 6250 6.0 0.26 21.45
GRAVEL 3 2S.0 923 62.50 SO S23 14.38
SILT 4 10.0 908 45.00 SO 906 S60
SANO 5 15.0 0.26 3250 SO 0.26 S45
GRAVEL 6 25.0 923 1250 SO 0.23 288
100 1.14 56.35 itl.1B 0.51

























1 10.0 913 95.00 6.0 913 1235
2 15.0 926 6250 SO 0.26 21.45
3 25.0 0.23 6250 SO 0.23 14.38
4 10.0 0.13 45.00 SO 0.13 5.85
6 15.0 0.26 3250 SO 0.26 8.45
6 25.0 0.23 1250 SO 0.23 268
100 1.24 65.35 5270 0.53

























1 10.0 906 95.00 SO 908 7.60
2 15.0 931 8250 SO 931 25.58
3 25.0 0.23 6250 SO 923 14.38
4 10.0 0.08 45.00 SO 0.08 3.60
5 15.0 0.31 3250 SO 0.31 10.08
6 25.0 0.23 1250 SO 0.23 288
100 1.24 i« .io j i J s o .si


























1 10.0 908 95.00 SO 0.08 7.60
2 15.0 0.26 8250 SO 926 21.45
3 25.0 0.28 62.50 SO 0.28 17.50
4 10.0 0.08 45.00 SO 0.06 3.60
5 ISO 0.26 3250 SO 0.26 8.45
6 25.0 928 1250 6.0 0.28 3.50

























( P - 8y)




SILT 1 10.0 0.08 86.00 SO 0.08 7.60
SAND 2 15.0 0.26 82.50 SO 026 21.45
GRAVEL 3 25.0 0.23 6250 SO 0.23 14.38
SILT 4 10.0 006 45.00 SO 0.06 3.60
SAND 5 15.0 0.26 3250 SO 0.26 S45
GRAVEL « 25.0 (L23 1250 SO 0.23 288
106 1.14 58.3^ 51.18 b.i i


























1 10.0 S13 85.00 SO 0.13 1235
2 15.0 0.31 8250 SO 0.31 25.58
3 25.0 0.23 6250 SO 0.23 14.38
4 10.0 S13 45.00 SO S13 S85
6 15.0 0.31 3250 so 0.31 10.08
6 25.0 0.23 1250 so 023 288
100 1.34 71.10 53.06 0.53




















' T K T E B ~
PARAMETER
< P - 8 y )
P*M COG RCOG
Two-cyd* fluvial
1 10.0 0.08 85.00 SO 0.08 7.60
2 15.0 0.31 82.50 SO 0.31 25.58
3 25.0 028 6250 SO 0.28 17.50
4 10.0 0.08 45.00 SO 0.08 3.60
5 15.0 0.31 3250 SO 0.31 10.08
6 25.0 0.28 1250 6.0 0.28 3.50
100 1.$4 67.85 50.63 6. i i


























1 10.0 S13 85.00 SO S13 1235
2 15.0 S26 8250 SO 026 21.45
3 25.0 0.26 6250 SO 028 17.50
4 10.0 S13 45.00 SO 013 6.85
5 1S0 028 3250 SO 0.26 S45
6 2S0 0.28 1250 SO 020 3.50






























SILT 1 28.0 aoe 87.50 SO 0.08 7.00
SAND 2 15.0 026 87.60 SO 02 6 17.55
GRAVEL 9 10.0 0.23 55.00 SO 0.23 12.65
SILT 4 25.0 aoe 37.60 SO 0 06 3.00
SAND 8 ISO 0.26 17.50 SO 026 4.55
GRAVEL e 190 0.23 S00 SO 023 1.15
100 "I'M 45.96 40.46 0.40


























1 25.0 0.13 87.50 SO 0.13 11.36
2 15.0 0.26 67.50 SO 0.26 17.55
3 10.0 0.23 55.00 SO 0.23 1265
4 25.0 0.13 37.50 SO 0.13 4.86
5 1S0 0.26 17.50 SO 0.26 4.55
6 10.0 0.23 5.00 SO 0 23 1.15
100 124 5215 4206 0.42


























1 25.0 0.06 87.50 6.0 0.08 7.00
2 15.0 0.31 67.50 6.0 0.31 20.93
3 10.0 023 55.00 SO 0.23 1265
4 25.0 0.08 37.50 6.0 0.08 3.00
5 15.0 0.31 17.50 6.0 0.31 5.43
6 10.0 0.23 5.00 6.0 0.23 1.15
100 1.24 50.15 40.44 0.40


























1 2S0 SOS 87.50 SO SOS 7.00
2 1S0 0.26 67.50 SO 026 17.55
3 10.0 S28 55.00 s o 028 15.40
4 25.0 0.08 37.50 s o 0.08 3.00
5 15.0 0.26 17.50 so 026 4.55
6 10.0 028 5.00 so 0.28 1.40





























SILT 1 25.0 ao e 87.50 6.0 008 7.00
8AND 2 ISO 0.20 67.50 6.0 0.26 17.55
GRAVEL 3 10.0 023 55.00 00 023 12.65
SILT 4 25.0 006 37.50 6.0 006 3.00
SAND 6 16.0 026 17.50 6.0 026 4.55
GRAVEL e 10.0 023 5.00 6.0 0.23 1.15
1 100 T i e r 45.8<J 46.26 6.40

























1 25.0 013 87.50 6.0 013 11.38
2 15.0 031 67.50 6.0 0.31 20.83
3 10.0 0.23 55.00 6.0 0.23 12.65
4 25.0 013 37.50 6.0 013 4.88
5 15.0 0.31 17.50 6.0 0.31 5.43
6 10.0 023 5.00 6.0 023 1.15









T P K flH B "
YIELD
(Sy)
















1 25.0 0.08 87.50 6.0 008 7.00
2 15.0 0.31 67.50 6.0 0.31 20.83
3 10.0 028 55.00 6.0 0.28 15.40
4 25.0 006 37.50 6.0 0.08 3.00
5 15.0 0.31 17.50 6.0 0.31 5.43
6 10.0 0.28 6.00 6.0 0.28 1.40
100 (.64 66.l6 38.66 0.40

























1 25.0 0.13 87.50 6.0 A13 11.38
2 15.0 0.26 67.50 6.0 026 17.55
3 100 0.28 55.00 6.0 026 15.40
4 25.0 0.13 37.50 AO A13 4.88
5 150 026 17.60 AO 0.26 425
6 10.0 028 5.00 AO 028 1.40






























SILT 1 10.0 aoe 85.00 a o 006 7.60
SAND 2 . 25.0 026 77.50 a o 026 2015
GRAVEL 3 15.0 0.23 57.50 a o 023 1323
SILT 4 ia o 0.06 45.00 a o 0.06 060
SAND S 2S.0 026 27.50 a o 0.26 7.15
GRAVEL e 15.0 023 7.50 a o 023 1.73
100 i^ 4 53.45 4068 6.4^


























1 10.0 013 85.00 a o 0.13 12.35
2 25.0 026 77.50 a o 0.26 2015
3 15.0 0.23 57.50 a o 0.23 13.23
4 10.0 013 45.00 a o 0.13 5.65
5 25.0 026 27.50 a o 0.26 7.15
6 15.0 023 7.50 a o 0.23 1.73
100 124 60.45 48.75 0.49


























1 10.0 0.06 85.00 6.0 0.06 7.60
2 25.0 0.31 77.50 6.0 0.31 24.03
3 15.0 0.23 57.50 a o 023 13.23
4 10.0 0.06 45.00 6.0 0.06 3.60
5 25.0 0.31 27.50 6.0 0.31 6.53
6 15.0 023 7.50 a o 0.23 1.73
100 124 56.70 47.34 6.47


























1 10.0 0.06 85.00 6.0 0.06 7.60
2 25.0 026 77.50 ao 026 20.15
3 15.0 028 57.50 a o 0.26 1010
4 10.0 0.06 45.00 a o 0.06 060
5 25.0 026 27.50 a o 0.26 7.15
6 100 0.28 7.50 a o 028 2.10






























SILT 1 10.0 0.08 85.00 ao 008 7.60
SAND 2 28.0 026 77.60 ao 028 2015
GRAVEL 3 18.0 023 87.80 ao 0.23 1023
SILT 4 10.0 aoe 46.00 ao 0.08 08 0
SAND 6 28.0 0.26 27.50 ao 028 7.15
GRAVEL e 18.0 023 7.50 ao 023 1.73
io4 "7.14 54.44 46.88 " C.ii


























1 10.0 0.13 8000 0 0 013 12.35
2 28.0 0.31 77.50 8.0 031 24.03
3 100 0.23 87.50 ao 0.23 13.23
4 10.0 013 45.00 ao 013 085
5 25.0 0.31 27.50 ao 031 8.53
6 100 0.23 7.50 ao 023 1.73
























1 10.0 0.08 85.00 0 0 0.06 7.60
2 25.0 .0.31 77.50 6.0 0.31 24.03
3 15.0 028 57.50 6.0 0.28 16.10
4 10.0 0.08 45.00 ao 0.08 3.60
5 25.0 0.31 27.50 ao 0.31 8.53
6 15.0 0.28 7.50 6.0 0.28 2 10
100 1.44 61.85 46.23 0.46


























1 10.0 0.13 85.00 6.0 0.13 1235
2 25.0 0.26 77.50 a o 0.26 20.15
3 15.0 0.28 87.50 6.0 0.28 16.10
4 10.0 0.13 45.00 ao 0.13 6.85
5 200 026 27.50 ao 026 7.15
6 100 028 7.50 ao 028 210
























(P -S y )




SILT 1 16.7 0.08 91.67 6.0 0.06 7.33
SANO 2 16.7 0.26 75.00 6.0 0.26 10.50
GRAVEL 3 16.7 0.23 88.33 6.0 0.23 13.42
SILT 4 16.7 0.06 41.67 6.0 0.08 3.33
SANO S 16.7 0.26 25.00 6.0 0.26 6.50
GRAVEL 6 16.7 023 8.33 6.0 0.23 1.92
100 (.W 42.06 45.61 "6.46

























1 16.7 0.13 91.67 5 0 0.13 11.92
2 16.7 0.26 7500 5 0 0.26 19.50
3 16.7 0.23 5533 5 0 023 13.42
4 16.7 0.13 41.67 5 0 0.13 542
5 16.7 0.26 28.00 5 0 026 550
6 16.7 023 533 5 0 023 122

























1 16.7 0.00 91.67 5 0 0.06 7.33
2 16.7 0.31 75.00 6.0 0.31 23.25
3 16.7 0.23 58.33 5 0 0.23 13.42
4 16.7 0.06 41.67 6.0 0.08 3.33
5 16.7 0.31 28.00 6.0 0.31 7.75
6 16.7 523 533 5 0 023 1.92
100 7 J i 57.00 45.07 6.46


























1 157 506 91.67 5 0 506 7.33
2 16.7 0.26 75.00 6.0 026 19.50
3 157 0.28 5533 6.0 028 1533
4 16.7 0.06 41.67 5 0 0.08 3.33
5 157 026 2500 5 0 026 6.50
6 16.7 028 0.33 5 0 028 233






























WIT 1 107 0.06 81.67 00 0 08 7.33
SANO 2 107 0.26 78.00 oo 0 26 18.60
GRAVEL 3 16.7 0.23 66.33 oo 023 10428ILT 4 16.7 aoe 41.67 oo 008 033
SANO 5 16.7 026 26.00 6.0 026 050
GRAVEL e 16.7 023 033 OO 023 1.82
466 1.l4 52.00 45.6l 0.46






















(P -S y )
PHI COG RCOG
#2A(iv)
Two-cycla fluvial 1 107 013 81.67 OO 013 11.822 16.7 0.31 75.00 OO 031 23.25
3 16.7 023 66.33 OO 023 13.42
4 16.7 013 41.67 OO 0.13 6.426 107 031 25.00 OO 031 7.756 16.7 0 2 3 033 OO 02 3 1.82
100 1.34 63.67 47.51 0.46






















( P -S y )
PHI COG RCOG
Two-cycla fluvial 1 16.7 0.08 81.67 00 006 7.332 16.7 0.31 75.00 6.0 0.31 23.25
3 107 028 58.33 OO 0.28 1033
4 16.7 0.08 41.67 OO 0.08 3.33
5 16.7 0.31 25.00 6.0 031 7.766 107 0.28 033 6.0 0.28 233
100 4.34 60.33 45.02 6.45






















(P -S y )
PHI COG RCOG
#2A(iv)
Two-cycla KuyiaJ 1 107 0.13 81.67 OO 013 11222 16.7 026 75.00 OO 026 18.50
3 107 028 5033 OO 0.28 16.33
4 107 0.13 41.67 OO 0.13 042
6 16.7 02 6 26.00 OO 026 060
6 107 0 28 033 OO 0.28 233
100 1.34 6200 46.27 0.48
ER-4148 109
APPENDIX B
Example Summary Tables and Graphs of Sensitivity Analysis 









SILT SAND . GRAVEL
-9 0.3752 0.3750 0.5762
-8 0.3752 0.3750 0.5762
-7 0.3752 0.3750 0.5762
-6 0.3752 0.3750 0.5760
-5 0.3752 0.3750 0.5743
-4 0.3752 0.3750 0.5581
-3 0.3752 0.3750 0.4761
-2 0.3752 0.3750 0.3935
-1 0.3752 0.3750 0.3770
0 0.3752 0.3752 0.3752
1 0.3752 0.3770 0.3750
2 0.3755 0.3932 0.3750
3 0.3784 0.4750 0.3750
4 0.4047 0.5568 0.3750
5 0.5375 0.5748 0.3750
6 0.6704 0.5750 0.3750
7 0.6968 0.5750 0.3750
8 0.6997 0.5750 0.3750
9 0.7000 0.5750 0.3750





































OLOOLOO i n o i o o  LOOLOOIO OLOOLOOIO o  oo>0)cocqNN(qcqioiqTt^cococMCvj —
r m TT
-T-OO
















-10 0.3750 0.7000 0.5750
-9 0.3750 0.7000 0.5750
-8 0.3750 0.6997 0.5750
-7 0.3750 0.6968 0.5750
-6 0.3750 0.6704 0.5748
-5 0.3750 0.5375 0.5730
-4 0.3750 0.4047 0.5568
-3 0.3750 0.3784 0.4750
-2 0.3750 0.3755 0.3932
-1 0.3750 0.3752 0.3770
0 0.3752 0.3752 0.3752
1 0.3770 0.3752 0.3750
2 0.3995 0.3752 0.3750
3 0.4761 0.3752 0.3750
4 0.5581 0.3752 0.3750
5 0.5743 0.3752 0.3750
6 0.5760 0.3752 0.3750
7 0.5762 0.3752 0.3750
8 0.5762 0.3752 0.3750




































n r n n n i m i m i T m r r
o inom o inoioo looiooio oiooiooio o0 0 ) 0 )  COCO Nh- COCO 10 WTf̂ CO COCMCM̂-1-O  o  



























-9 0.3001 0.3000 0.4270
•8 0.3001 0.3000 0.4270
-7 0.3001 0.3000 0.4270
-6 0.3001 0.3000 0.4269
-5 0.3001 0.3000 0.4257
-4 0.3001 0.3000 0.4155
-3 0.3001 0.3000 0.3638
-2 0.3001 0.3000 0.3116
-1 0.3001 0.3000 0.3013
0 0.3001 0.3001 0.3001
1 0.3002 0.3012 0.3000
2 0.3004 0.3114 0.3000
3 0.3033 0.3625 0.3000
4 0.3296 0.4136 0.3000
5 0.4625 0.4238 0.3000
6 0.5954 0.4249 0.3000
7 0.6218 0.4250 0.3000
8 0.6247 0.4250 0.3000
9 0.6250 0.4250 0.3000




































n r m m r r TTTT llllllllllo io o io o io o io o io o io o m o io o io o io o  oo)C7)oooo h-rococo io io co cocmcmt- t- o  o
















-10 0.3000 0.6250 0.4250
-9 0.3000 0.6250 0.4250
-8 0.3000 0.6247 0.4250
-7 0.3000 0.6218 0.4250
-6 0.3000 0.5954 0.4249
-5 0.3000 0.4325 0.4238
-4 0.3000 0.3296 0.4136
-3 0.3000 0.3033 0.3625
-2 0.3000 0.3004 0.3114
-1 0.3000 0.3002 0.3012
0 0.3001 0.3001 0.3001
1 0.3013 0.3001 0.3000
2 0.3116 0.3001 0.3000
3 0.3638 0.3001 0.3000
4 0.4155 0.3001 0.3000
5 0.4257 0.3001 0.3000
6 0.4269 0.3001 0.3000
7 0.4270 0.3001 0.3000
8 0.4270 0.3001 0.3000
9 0.4270 0.3001 0.3000











•  a w
S '
CO
rrm7TTT TTTT1 111111111111111111111 TTTT1
O IO O IO O IO O IO O IO O IO O IO O IO O IO O IO OOOÔ OOCOr̂ r̂ COCDlOlÔ xJ-COCOCMCMT-T-OO


























-9 0.3252 0.3250 0.5267
-8 0.3252 0.3250 0.5267
-7 0.3252 0.3250 0.5267
-6 0.3252 0.3250 0.5265
-5 0.3252 0.3250 0.5248
-4 0.3252 0.3250 0.5086
-3 0.3252 0.3250 0.4264
-2 0.3252 0.3250 0.3435
-1 0.3252 0.3250 0.3270
0 0.3252 0.3252 0.3252
1 0.3252 0.3270 0.3250
2 0.3256 0.3432 0.3250
3 0.3289 0.4250 0.3250
4 0.3592 0.5068 0.3250
5 0.5125 0.5230 0.3250
6 0.6659 0.5248 0.3250
7 0.6963 0.5250 0.3250
8 0.6996 0.5250 0.3250
9 0.7000 0.5250 0.3250









TTTTtTTnt i i i i l i i i i i i i i i l i f T n m r n T i r t i i i i t n i i l i i i i i i i i i i i i n i i m i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .













:d d d d d d d d d d d d d d d d d o d d















-10 0.3250 0.7000 0.5250
-9 0.3250 0.7000 0.5250
-8 0.3250 0.6996 0.5250
-7 0.3250 0.6963 0.5250
-6 0.3250 0.6659 0.5248
-5 0.3250 0.5125 0.5230
-4 0.3250 0.3592 0.5068
-3 0.3250 0.3289 0.4250
-2 0.3250 0.3256 0.3432
-1 0.3250 0.3252 0.3270
0 0.3252 0.3252 0.3252
1 0.3270 0.3252 0.3250
2 0.3435 0.3252 0.3250
3 0.4264 0.3252 0.3250
4 0.5086 0.3252 0.3250
5 0.5248 0.3252 0.3250
6 0.5265 0.3252 0.3250
7 0.5267 0.3252 0.3250
8 0.5267 0.3252 0.3250





































i i i i i i i i  i i i i i i i i i i n i i n i  i n nfTTTT tttt TTTT
OtOOlOOlOOlOOlOOlOOlOOlOOU)OlOO 
0 0 ) 0 ) 0 0 0 0 COCO 10 to ̂ ■'M-CO COCMCM Î-O o





























-9 0.3335 0.3333 0.5016
-8 0.3335 0.3333 0.5016
-7 0.3335 0.3333 0.5016
-6 0.3335 0.3333 0.5015
-5 0.3335 0.3333 0.5000
-4 0.3335 0.3333 0.4865
-3 0.3335 0.3333 0.4179
-2 0.3335 0.3333 0.3488
-1 0.3335 0.3334 0.3350
0 0.3335 0.3335 0.3335
1 0.3335 0.3350 0.3334
2 0.3338 0.3485 0.3333
3 0.3368 0.4167 0.3333
4 0.3638 0.4848 0.3333
5 0.5000 0.4983 0.3333
6 0.6364 0.4998 0.3333
7 0.6634 0.5000 0.3333
8 0.6663 0.5000 0.3333
9 0.6666 0.5000 0.3333
10 0.6667 0.5000 0.3333
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co -c J O
CM 0 )
rrrrrrirnimi mi i TTTT irrmm uni nun  iiiiiiiiOLOOlOOLOOLOOlOOLOOlOOLOOlOOlOO 
oocncooo NNCOCO lOlO t̂̂ tCO COCMCM'r-r-O o
















-10 0.3333 0.6667 0.5000
-9 0.3333 0.6666 0.5000
-8 0.3333 0.6663 0.5000
-7 0.3333 0.6634 0.5000
-6 0.3333 0.6364 0.4998
-5 0.3333 0.5000 0.4984
-4 0.3333 0.3638 0.4848
-3 0.3333 0.3368 0.4167
-2 0.3333 0.3338 0.3485
-1 0.3334 0.3335 0.3350
0 0.3335 0.3335 0.3335
1 0.3350 0.3335 0.3334
2 0.3488 0.3335 0.3333
3 0.4179 0.3335 0.3333
4 0.4865 0.3335 0.3333
5 0.5000 0.3335 0.3333
6 0.5015 0.3335 0.3333
7 0.5016 0.3335 0.3333
8 0.5016 0.3335 0.3333
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-9 0.4169 0.4167 0.6382
•8 0.4169 0.4167 0.6382
-7 0.4169 0.4167 0.6382
-6 0.4169 0.4167 0.6380
-5 0.4169 0.4167 0.6360
-4 0.4169 0.4167 0.6181
-3 0.4169 0.4167 0.5277
-2 0.4169 0.4167 0.4369
-1 0.4169 0.4167 0.4189
0 0.4169 0.4169 0.4169
1 0.4169 0.4189 0.4167
2 0.4169 0.4369 0.4167
3 0.4173 0.5278 0.4167
4 0.4208 0.6187 0.4167
5 0.4446 0.6367 0.4167
6 0.4861 0.6387 0.4167
7 0.4984 0.6389 0.4167
8 0.4998 0.6389 0.4167
9 0.5000 0.6389 0.4167
10 0.5000 0.6389 0.4167
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-10 0.4167 0.5000 0.6389
-9 0.4167 0.5000 0.6389
-8 0.4167 0.4998 0.6389
-7 0.4167 0.4984 0.6389
-6 0.4167 0.4861 0.6387
-5 0.4167 0.4446 0.6367
-4 0.4167 0.4208 0.6187
-3 0.4167 0.4173 0.5278
-2 0.4167 0.4169 0.4369
-1 0.4167 0.4169 0.4189
0 0.4169 0.4169 0.4169
1 0.4189 0.4169 0.4167
2 0.4369 0.4169 0.4167
3 0.5277 0.4169 0.4167
4 0.6181 0.4169 0.4167
5 0.6360 0.4169 0.4167
6 0.6380 0.4169 0.4167
7 0.6382 0.4169 0.4167
8 0.6382 0.4169 0.4167
9 0.6382 0.4169 0.4167
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-9 0.3335 0.3333 0.4741
-8 0.3335 0.3333 0.4741
-7 0.3335 0.3333 0.4741
-6 0.3335 0.3333 0.4740
-5 0.3335 0.3333 0.4728
-4 0.3335 0.3333 0.4615
-3 0.3335 0.3333 0.4041
-2 0.3335 0.3333 0.3463
-1 0.3335 0.3334 0.3347
0 0.3335 0.3335 0.3335
1 0.3335 0.3347 0.3333
2 0.3338 0.3460 0.3333
3 0.3368 0.4028 0.3333
4 0.3612 0.4596 0.3333
5 0.5000 0.4708 0.3333
6 0.6363 0.4721 0.3333
7 0.6634 0.4722 0.3333
8 0.6663 0.4722 0.3333
9 0.6666 0.4722 0.3333
10 0.6667 0.4722 0.3333
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-10 0.3333 0.6667 0.4722
-9 0.3333 0.6666 0.4722
-8 0.3333 0.6663 0.4722
-7 0.3333 0.6634 0.4722
-6 0.3333 0.6363 0.4721
-5 0.3333 0.5000 0.4708
-4 0.3333 0.3612 0.4596
-3 0.3333 0.3368 0.4028
-2 0.3333 0.3338 0.3460
-1 0.3333 0.3335 0.3347
0 0.3335 0.3335 0.3335
1 0.3347 0.3335 0.3334
2 0.3463 0.3335 0.3333
3 0.4041 0.3335 0.3333
4 0.4615 0.3335 0.3333
5 0.4728 0.3335 0.3333
6 0.4740 0.3335 0.3333
7 0.4741 0.3335 0.3333
8 0.4741 0.3335 0.3333
9 0.4741 0.3335 0.3333
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SENSITIVITY ANALYSIS SUMMARY






-9 0.3613 0.3611 0.5829
-8 0.3613 0.3611 0.5829
-7 0.3613 0.3611 0.5829
-6 0.3613 0.3611 0.5827
-5 0.3613 0.3611 0.5807
-4 0.3613 0.3611 0.5628
-3 0.3613 0.3611 0.4723
-2 0.3613 0.3611 0.3814
-1 0.3613 0.3611 0.3633
0 0.3613 0.3613 0.3613
1 0.3613 0.3633 0.3611
2 0.3614 0.3813 0.3611
3 0.3620 0.4722 0.3611
4 0.3679 0.5631 0.3611
5 0.4075 0.5811 0.3611
6 0.4769 0.5831 0.3611
7 0.4973 0.5833 0.3611
8 0.4997 0.5833 0.3611
9 0.5000 0.5833 0.3611
10 0.5000 0.5833 0.3611
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-10 0.3611 0.5000 0.5833
-9 0.3611 0.5000 0.5833
-8 0.3611 0.4997 0.5833
-7 0.3611 0.4973 0.5833
-6 0.3611 0.4769 0.5831
-5 0.3611 0.4075 0.5811
-4 0.3611 0.3679 0.5631
-3 0.3611 0.3620 0.4722
-2 0.3611 0.3614 0.3813
-1 0.3611 0.3613 0.3633
0 0.3613 0.3613 0.3613
1 0.3633 0.3613 0.3611
2 0.3814 0.3613 0.3611
3 0.4723 0.3613 0.3611
4 0.5628 0.3613 0.3611
5 0.5807 0.3613 0.3611
6 0.5827 0.3613 0.3611
7 0.5829 0.3613 0.3611
8 0.5829 0.3613 0.3611
9 0.5829 0.3613 0.3611
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-9 0.3706 0.3704 0.5571
-8 0.3706 0.3704 0.5571
-7 0.3706 0.3704 0.5571
-6 0.3706 0.3704 0.5569
-5 0.3706 0.3704 0.5553
-4 0.3706 0.3704 0.5403
-3 0.3706 0.3704 0.4642
-2 0.3706 0.3704 0.3875
-1 0.3706 0.3704 0.3722
0 0.3706 0.3706 0.3706
1 0.3706 0.3722 0.3704
2 0.3709 0.3872 0.3704
3 0.3739 0.4630 0.3704
4 0.4017 0.5387 0.3704
5 0.5417 0.5537 0.3704
6 0.6818 0.5554 0.3704
7 0.7096 0.5555 0.3704
8 0.7126 0.5556 0.3704
9 0.7129 0.5556 0.3704
10 0.7130 0.5556 0.3704
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-10 0.3704 0.7130 0.5556
-9 0.3704 0.7129 0.5556
-8 0.3704 0.7126 0.5556
-7 0.3704 0.7029 0.5555
-6 0.3704 0.6818 0.5554
-5 0.3704 0.5417 0.5537
-4 0.3704 0.4017 0.5387
-3 0.3704 0.3739 0.4630
-2 0.3704 0.3709 0.3872
-1 0.3704 0.3706 0.3722
0 0.3706 0.3706 0.3706
1 0.3722 0.3706 0.3704
2 0.3875 0.3706 0.3704
3 0.4642 0.3706 0.3704
4 0.5403 0.3706 0.3704
5 0.5553 0.3706 0.3704
6 0.5569 0.3706 0.3704
7 0.5571 0.3706 0.3704
8 0.5571 0.3706 0.3704
9 0.5571 0.3706 0.3704
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-9 0.2504 0.2500 0.6525
-8 0.2504 0.2500 0.6525
-7 0.2504 0.2500 0.6524
-6 0.2504 0.2500 0.6521
-5 0.2504 0.2500 0.6485
-4 0.2504 0.2500 0.6162
-3 0.2504 0.2500 0.4522
-2 0.2504 0.2500 0.2869
-1 0.2504 0.2500 0.2540
0 0.2504 0.2504 0.2504
1 0.2505 0.2540 0.2500
2 0.2510 0.2864 0.2500
3 0.2568 0.4500 0.2500
4 0.3094 0.6136 0.2500
5 0.5750 0.6460 0.2500
6 0.8409 0.6469 0.2500
7 0.8936 0.6500 0.2500
8 0.8994 0.6500 0.2500
9 0.8999 0.6500 0.2500
10 0.9000 0.6500 0.2500
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-9 0.2504 0.2500 0.6525
-8 0.2504 0.2500 0.6525
-7 0.2504 0.2500 0.6524
-6 0.2504 0.2500 0.6521
-5 0.2504 0.2500 0.6485
-4 0.2504 0.2500 0.6162
-3 0.2504 0.2500 0.4522
-2 0.2504 0.2500 0.2869
-1 0.2504 0.2500 0.2540
0 0.2504 0.2504 0.2504
1 0.2505 0.2540 0.2500
2 0.2510 0.2864 0.2500
3 0.2568 0.4500 0.2500
4 0.3094 0.6136 0.2500
5 0.5750 0.6460 0.2500
6 0.8409 0.6469 0.2500
7 0.8936 0.6500 0.2500
8 0.8994 0.6500 0.2500
9 0.8999 0.6500 0.2500
10 0.9000 0.6500 0.2500



























































-1 0 0.2500 0.9000 0.6500
-9 0.2500 0.8999 0.6500
-8 0.2500 0.8994 0.6500
-7 0.2500 0.8936 0.6500
-6 0.2500 0.8409 0.6469
-5 0.2500 0.5750 0.6460
-4 0.2500 0.3094 0.6136
-3 0.2500 0.2568 0.4500
-2 0.2500 0.2510 0.2864
-1 0.2500 0.2505 0.2540
0 0.2504 0.2504 0.2504
1 0.2540 0.2504 0.2500
2 0.2869 0.2504 0.2500
3 0.4522 0.2504 0.2500
4 0.6162 0.2504 0.2500
5 0.6485 0.2504 0.2500
6 0.6521 0.2504 0.2500
7 0.6524 0.2504 0.2500
8 0.6525 0.2504 0.2500
9 0.6525 0.2504 0.2500
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-9 0.7496 0.7500 0.3475
-8 0.7496 0.7500 0.3475
-7 0.7496 0.7500 0.3476
-6 0.7496 0.7500 0.3479
-5 0.7496 0.7500 0.3515
-4 0.7496 0.7500 0.3838
-3 0.7496 0.7500 0.5478
-2 0.7496 0.7500 0.7136
-1 0.7496 0.7500 0.7460
0 0.7496 0.7496 0.7496
1 0.7495 0.7460 0.7500
2 0.7490 0.7136 0.7500
3 0.7432 0.5500 0.7500
4 0.6906 0.3864 0.7500
5 0.4250 0.3540 0.7500
6 0.1591 0.3504 0.7500
7 0.1064 0.3500 0.7500
8 • 0.1006 0.3500 0.7500
9 0 .1 0 0 1 0.3500 0.7500
1 0 0 .1 0 0 0 0.3500 0.7500
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-9 0.1504 0.1500 0.5535
-8 0.1504 0.1500 0.5535
-7 0.1504 0.1500 0.5534
-6 0.1504 0.1500 0.5531
-5 0.1504 0.1500 0.5495
-4 0.1504 0.1500 0.5171
-3 0.1504 0.1500 0.3527
-2 0.1504 0.1500 0.1870
-1 0.1504 0.1500 0.1540
0 0.1504 0.1504 0.1504
1 0.1505 0.1540 0.1500
2 0.1511 0.1864 0.1500
3 0.1578 0.3500 0.1500
4 0.2185 0.5136 0.1500
5 0.5250 0.5460 0.1500
6 0.8318 0.5496 0.1500
7 0.8926 0.5500 0.1500
8 0.8993 0.5500 0.1500
9 0.8999 0.5500 0.1500
1 0 0.9000 0.5500 0.1500
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-10 0.1500 0.9000 0.5500
-9 0.1500 0.8999 0.5500
-8 0.1500 0.8993 0.5500
-7 0.1500 0.8926 0.5500
-6 0.1500 0.8318 0.5496
-5 0.1500 0.5250 0.5460
-4 0.1500 0.2185 0.5136
-3 0.1500 0.1578 0.3500
-2 0.1500 0.1511 0.1864
-1 0.1500 0.1505 0.1540
0 0.1504 0.1504 0.1504
1 0.1540 0.1504 0.1500
2 0.1870 0.1504 0.1500
3 0.3527 0.1504 0.1500
4 0.5171 0.1504 0.1500
5 0.5495 0.1504 0.1500
6 0.5531 0.1504 0.1500
7 0.5534 0.1504 0.1500
8 0.5535 0.1504 0.1500
9 .  0.5535 0.1504 0.1500
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-9 0.1670 0.1667 0.5033
*8 0.1670 0.1667 0.5033
-7 0.1670 0.1667 0.5033
-6 0.1670 0.1667 0.5030
-5 0.1670 0.1667 0.5000
-4 0.1670 0.1667 0.4730
-3 0.1670 0.1667 0.3358
-2 0.1670 0.1667 0.1975
-1 0.1670 0.1667 0.1700
0 0.1670 0.1670 0.1670
1 0.1671 0.1700 0.1667
2 0.1677 0.1970 0.1667
3 0.1736 0.3333 0.1667
4 0.2275 0.4697 0.1667
5 0.5000 0.4967 0.1667
6 0.7727 0.4997 0.1667
7 0.8267 0.5000 0.1667
8 0.8327 0.5000 0.1667
9 0.8333 0.5000 0.1667
10 0.8333 0.5000 0.1667
** This data is based upon 50 feet of saturated thickness.
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-1 0 0.1667 0.8333 0.5000
-9 0.1667 0.8333 0.5000
-8 0.1667 0.8327 0.5000
-7 0.1667 0.8267 0.5000
-6 0.1667 0.7727 0.4997
-5 0.1667 0.5000 0.4967
-4 0.1667 0.2275 0.4697
-3 0.1667 0.1736 0.3333
-2 0.1667 0.1677 0.1970
-1 0.1667 0.1671 0.1700
0 0.1670 0.1670 0.1670
1 0.1700 0.1670 0.1667
2 0.1975 0.1670 0.1667
3 0.3358 0.1670 0.1667
4 0.4730 0.1670 0.1667
5 0.5000 0.1670 0.1667
6 0.5030 0.1670 0.1667
7 0.5033 0.1670 0.1667
8 0.5033 0.1670 0.1667
9 0.5033 0.1670 0.1667
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-9 0.3751 0.3750 0.5758
-8 0.3751 0.3750 0.5758
-7 0.3751 0.3750 0.5758
-6 0.3751 0.3750 0.5755
-5 0.3751 0.3750 0.5726
-4 0.3751 0.3750 0.5473
-3 0.3751 0.3750 0.4506
-2 0.3751 0.3750 0.3864
-1 0.3751 0.3750 0.3762
0 0.3751 0.3751 0.3751
1 0.3751 0.3762 0.3750
2 0.3752 0.3863 0.3750
3 0.3764 0.4500 0.3750
4 0.3876 0.5464 0.3750
5 0.4679 0.5717 0.3750
6 0.6350 0.5747 0.3750
7 0.6921 0.5750 0.3750
8 0.6992 0.5750 0.3750
9 0.6999 0.5750 0.3750
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-1 0 0.3750 0.7000 0.5750
-9 0.3750 0.6999 0.5750
•8 0.3750 0.6992 0.5750
-7 0.3750 0.6921 0.5750
-6 0.3750 0.6350 0.5747
-5 0.3750 0.4679 0.5717
-4 0.3750 0.3876 0.5464
-3 0.3750 0.3764 0.4500
-2 0.3750 0.3752 0.3864
-1 0.3750 0.3751 0.3762
0 0.3751 0.3751 0.3751
1 0.3762 0.3751 0.3750
2 0.3864 0.3751 0.3750
3 0.4506 0.3751 0.3750
4 0.5473 0.3751 0.3750
5 0.5726 0.3751 0.3750
6 0.5755 0.3751 0.3750
7 0.5758 0.3751 0.3750
8 0.5758 0.3751 0.3750
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-9 0.3002 0.3000 0.4283
-8 0.3002 0.3000 0.4283
-7 0.3002 0.3000 0.4283
-6 0.3002 0.3000 0.4282
-5 0.3002 0.3000 0.4274
-4 0.3002 0.3000 0.4204
-3 0.3002 0.3000 0.3775
-2 0.3002 0.3000 0.3170
-1 0.3002 0.3000 0.3019
0 0.3002 0.3002 0.3002
1 0.3003 0.3019 0.3000
2 0.3010 0.3163 0.3000
3 0.3081 0.3750 0.3000
4 0.3651 0.4172 0.3000
5 0.5321 0.4242 0.3000
6 0.6125 0.4249 0.3000
7 0.6237 0.4250 0.3000
8 0.6249 0.4250 0.3000
9 0.6250 0.4250 0.3000
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-10 0.3000 0.6250 0.4250
-9 0.3000 0.6250 0.4250
-8 0.3000 0.6249 0.4250
-7 0.3000 0.6237 0.4250
-6 0.3000 0.6125 0.4249
-5 0.3000 0.5321 0.4242
-4 0.3000 0.3651 0.4172
-3 0.3000 0.3081 0.3750
-2 0.3000 0.3010 0.3163
-1 0.3000 0.3003 0.3019
0 0.3002 0.3002 0.3002
1 0.3019 0.3002 0.3000
2 0.3170 0.3002 0.3000
3 0.3775 0.3002 0.3000
4 0.4104 0.3002 0.3000
5 0.4274 0.3002 0.3000
6 0.4282 0.3002 0.3000
7 0.4283 0.3002 0.3000
8 0.4283 0.3002 0.3000














































i t i i l i i i i i i i n i i i i i i i i ii l i i i i l i i i i l i i i i i i i i i i i i i i i i i i i i i i i i i i i i i l i iTiti i i i l i i i i h r m i i i i l i i i i i n i ro m o i n o  100100 lo o io o io  o in o io o u )  o





























-9 0.3253 0.3250 0.5238
-8 0.3253 0.3250 0.5238
-7 0.3253 0.3250 0.5238
-6 0.3253 0.3250 0.5239
-5 0.3253 0.3250 0.5245
-4 0.3253 0.3250 0.5144
-3 0.3253 0.3250 0.4506
-2 0.3253 0.3250 0.3538
-1 0.3253 0.3250 0.3283
0 0.3253 0.3253 0.3253
1 0.3254 0.3283 0.3250
2 0.3256 0.3536 0.3250
3 0.3278 0.4500 0.3250
4 0.3487 0.5137 0.3250
5 0.4750 0.5238 0.3250
6 0.6511 0.5249 0.3250
7 0.6945 0.5250 0.3250
8 0.6994 0.5250 0.3250
9 0.6999 0.5250 0.3250
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-1 0 0.3250 0.7000 0.5250
-9 0.3250 0.6999 0.5250
-8 0.3250 0.6994 0.5250
-7 0.3250 0.6945 0.5250
-6 0.3250 0.6511 0.5249
-5 0.3250 0.4750 0.5238
-4 0.3250 0.3487 0.5137
-3 0.3250 0.3278 0.4500
-2 0.3250 0.3256 0.3536
-1 0.3250 0.3254 0.3283
0 0.3253 0.3253 0.3253
1 0.3283 0.3253 0.3250
2 0.3538 0.3253 0.3250
3 0.4506 0.3253 0.3250
4 0.5144 0.3253 0.3250
5 0.5245 0.3253 0.3250
6 0.5239 0.3253 0.3250
7 0.5238 0.3253 0.3250
8 0.5238 0.3253 0.3250
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-9 0.3335 0.3333 0.4984
-8 0.3335 0.3333 0.4983
-7 0.3335 0.3333 0.4984
-6 0.3335 0.3333 0.4985
-5 0.3335 0.3333 0.5000
-4 0.3335 0.3333 0.4865
-3 0.3335 0.3333 0.4179
-2 0.3335 0.3333 0.3488
-1 0.3335 0.3334 0.3350
0 0.3335 0.3335 0.3335
1 0.3335 0.3350 0.3334
2 0.3338 0.3485 0.3333
3 0.3368 0.4167 0.3333
4 0.3638 0.4848 0.3333
5 0.5000 0.4983 0.3333
6 0.6364 0.4998 0.3333
7 0.6634 0.5000 0.3333
8 0.6663 0.5000 0.3333
9 0.6666 0.5000 0.3333
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-10 0.3333 0.6667 0.5000
-9 0.3333 0.6666 0.5000
-8 0.3333 0.6663 0.5000
-7 0.3333 0.6634 0.5000
-6 0.3333 0.6364 0.4998
-5 0.3333 0.5000 0.4983
-4 0.3333. 0.3638 0.4848
-3 0.3333 0.3368 0.4167
-2 0.3333 0.3338 0.3485
-1 0.3334 0.3335 0.3350
0 0.3335 0.3335 0.3335
1 0.3350 0.3335 0.3334
2 0.3488 0.3335 0.3333
3 0.4179 0.3335 0.3333
4 0.4865 0.3335 0.3333
5 0.5000 0.3335 0.3333
6 0.4985 0.3335 0.3333
7 0.4984 0.3335 0.3333
8 0.4983 0.3335 0.3333
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-9 0.4168 0.4167 0.6384
-8 0.4168 0.4167 0.6384
-7 0.4168 0.4167 0.6384
-6 0.4168 0.4167 0.6381
-5 0.4168 0.4167 0.6348
-4 0.4168 0.4167 0.6068
-3 0.4168 0.4167 0.5000
-2 0.4168 0.4167 0.4293
-1 0.4168 0.4167 0.4180
0 0.4168 0.4168 0.4168
1 0.4168 0.4180 0.4167
2 0.4168 0.4292 0.4167
3 0.4170 0.5000 0.4167
4 0.4184 0.6071 0.4167
5 0.4307 0.6352 0.4167
6 0.4723 0.6385 0.4167
7 0.4960 0.6389 0.4167
8 0.4996 0.6389 0.4167
9 0.5000 0.6389 0.4167
1 0 0.5000 0.6389 0.4167
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-10 0.4167 0.5000 0.6389
-9 0.4167 0.5000 0.6389
-8 0.4167 0.4996 0.6389
-7 0.4167 0.4960 0.6389
-6 0.4167 0.4723 0.6385
-5 0.4167 0.4307 0.6352
-4 0.4167 0.4184 0.6071
-3 0.4167 0.4170 0.5000
-2 0.4167 0.4168 0.4292
-1 0.4167 0.4168 0.4180
0 0.4168 0.4168 0.4168
1 0.4180 0.4168 0.4167
2 0.4293 0.4168 0.4167
3 0.5000 0.4168 0.4167
4 0.6068 0.4168 0.4167
5 0.6348 0.4168 0.4167
6 0.6381 0.4168 0.4167
7 0.6384 0.4168 0.4167
8 0.6384 0.4168 0.4167
9 0.6384 0.4168 0.4167
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-9 0.3335 0.3333 0.4740
-8 0.3335 0.3333 0.4740
-7 0.3335 0.3333 0.4739
-6 0.3335 0.3333 0.4739
-5 0.3335 0.3333 0.4730
-4 0.3335 0.3333 0.4653
-3 0.3335 0.3333 0.4182
-2 0.3335 0.3333 0.3519
-1 0.3335 0.3334 0.3354
0 0.3335 0.3335 0.3335
1 0.3336 0.3354 0.3334
2 0.3341 0.3515 0.3333
3 0.3388 0.4167 0.3333
4 0.3786 0.4635 0.3333
5 0.5139 0.4713 0.3333
6 0.5913 0.4721 0.3333
7 0.6028 0.4722 0.3333
8 0.6040 0.4722 0.3333
9 0.6042 0.4722 0.3333
1 0 0.6042 0.4722 0.3333
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-10 0.3333 0.6042 0.4722
-9 0.3333 0.6042 0.4722
-8 0.3333 0.6040 0.4722
-7 0.3333 0.6028 0.4722
-6 0.3333 0.5913 0.4721
-5 0.3333 0.5139 0.4635
-4 0.3333 0.3786 0.4167
-3 0.3333 0.3388 0.3515
-2 0.3333 0.3341 0.3354
-1 0.3334 0.3336 0.3335
0 0.3335 0.3335 0.3334
1 0.3354 0.3335 0.3333
2 0.3519 0.3335 0.3333
3 0.4182 0.3335 0.3333
4 0.4653 0.3335 0.3333
5 0.4730 0.3335 0.3333
6 0.4739 0.3335 0.3333
7 0.4739 0.3335 0.3333
8 0.4740 0.3335 0.3333
9 0.4740 0.3335 0.3333
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-9 0.3615 0.3611 0.5832
•8 0.3615 0.3611 0.5832
-7 0.3615 0.3611 0.5832
*6 0.3615 0.3611 0.5830
-5 0.3615 0.3611 0.5818
-4 0.3615 0.3611 0.5706
-3 0.3615 0.3611 0.5000
-2 0.3615 0.3611 0.3929
-1 0.3615 0.3611 0.3648
0 0.3615 0.3615 0.3615
1 0.3615 0.3648 0.3611
2 0.3615 0.3929 0.3611
3 0.3619 0.5000 0.3611
4 0.3659 0.5708 0.3611
5 0.3961 0.5820 0.3611
6 0.4680 0.5832 0.3611
7 0.4960 0.5833 0.3611
8 0.4996 0.5833 0.3611
9 0.5000 0.5833 0.3611
1 0 0.5000 0.5833 0.3611
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-1 0 0.3611 0.5000 0.5833
-9 0.3611 0.5000 0.5833
-8 0.3611 0.4996 0.5833
-7 0,3611 0.4960 0.5833
-6 0.3611 0.4680 0.5832
-5 0.3611 0.3961 0.5820
-4 0.3611 0.3659 0.5708
-3 0.3611 0.3619 0.5000
-2 0.3611 0.3615 0.3929
-1 0.3611 0.3615 0.3648
0 0.3615 0.3615 0.3615
1 0.3648 0.3615 0.3611
2 0.3929 0.3615 0.3611
3 0.5000 0.3615 0.3611
4 0.5706 0.3615 0.3611
5 0.5818 0.3615 0.3611
6 0.5830 0.3615 0.3611
7 0.5832 0.3615 0.3611
8 0.5832 0.3615 0.3611
9 0.5832 0.3615 0.3611
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-9 0.3706 0.3704 0.5559
-8 0.3706 0.3704 0.5559
-7 0.3706 0.3704 0.5559
•6 0.3706 0.3704 0.5557
-5 0.3706 0.3704 0.5541
-4 0.3706 0.3704 0.5391
-3 0.3706 0.3704 0.4635
-2 0.3706 0.3704 0.3873
-1 0.3706 0.3704 0.3722
0 0.3706 0.3706 0.3706
1 0.3706 0.3722 0.3704
2 0.3707 0.3872 0.3704
3 0.3722 0.4630 0.3704
4 0.3859 0.5387 0.3704
5 0.4674 0.5537 0.3704
6 0.5764 0.5554 0.3704
7 0.6025 0.5555 0.3704
8 0.6055 0.5556 0.3704
9 0.6058 0.5556 0.3704
1 0 0.6058 0.5556 0.3704
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-1 0 0.3704 0.6058 0.5556
-9 0.3704 0.6058 0.5556
-8 0.3704 0.6055 0.5556
-7 0.3704 0.6025 0.5555
-6 0.3704 0.5764 0.5554
-5 0.3704 0.4674 0.5537
-4 0.3704 0.3859 0.5387
-3 0.3704 0.3722 0.4630
-2 0.3704 0.3707 0.3872
-1 0.3704 0.3706 0.3722
0 0.3706 0.3706 0.3706
1 0.3722 0.3706 0.3704
2 0.3873 0.3706 0.3704
3 0.4635 0.3706 0.3704
4 0.5391 0.3706 0.3704
5 0.5541 0.3706 0.3704
6 0.5557 0.3706 0.3704
7 0.5559 0.3706 0.3704
8 0.5559 0.3706 0.3704
9 0.5559 0.3706 0.3704
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-9 0.2502 0.2500 0.6516
-8 0.2502 0.2500 0.6516
-7 0.2502 0.2500 0.6516
-6 0.2502 0.2500 0.6510
-5 0.2502 0.2500 0.6451
-4 0.2502 0.2500 0.5946
-3 0.2502 0.2500 0.4012
-2 0.2502 0.2500 0.2729
-1 0.2502 0.2500 0.2524
0 0.2502 0.2502 0.2502
1 0.2503 0.2524 0.2500
2 0.2505 0.2726 0.2500
3 0.2528 0.4000 0.2500
4 0.2752 0.5929 0.2500
5 0.4358 0.6434 0.2500
6 0.7700 0.6493 0.2500
7 0.8841 0.6499 0.2500
8 0.8984 0.6500 0.2500
9 0.8998 0.6500 0.2500
1 0 0.9000 0.6500 0.2500
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-1 0 0.2500 0.9000 0.6500
-9 0.2500 0.8998 0.6500
-8 0.2500 0.8984 0.6500
-7 0.2500 0.8841 0.6499
-6 0.2500 0.7700 0.6493
-5 0.2500 0.4358 0.6434
-4 0.2500 0.2752 0.5929
-3 0.2500 0.2528 0.4000
-2 0.2500 0.2505 0.2726
-1 0.2500 0.2503 0.2524
0 0.2502 0.2502 0.2502
1 0.2524 0.2502 0.2500
2 0.2729 0.2502 0.2500
3 0.4012 0.2502 0.2500
4 0.5946 0.2502 0.2500
5 0.6451 0.2502 0.2500
6 0.6510 0.2502 0.2500
7 0.6516 0.2502 0.2500
8 0.6516 0.2502 0.2500
9 0.6516 0.2502 0.2500
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-9 0.1004 0.1000 0.3566
-8 0.1004 0.1000 0.3566
-7 0.1004 0.1000 0.3565
-6 0.1004 0.1000 0.3564
-5 0.1004 0.1000 0.3549
-4 0.1004 0.1000 0.3408
-3 0.1004 0.1000 0.2550
-2 0.1004 0.1000 0.1339
-1 0.1004 0.1001 0.1039
0 0.1004 0.1004 0.1004
1 0.1005 0.1037 0.1000
2 0.1020 0.1326 0.1000
3 0.1162 0.2500 0.1000
4 0.2301 0.3344 0.1000
5 0.5642 0.3483 0.1000
6 0.7250 0.3498 0.1000
7 0.7474 0.3500 0.1000
8 0.7497 0.3500 0.1000
9 0.7500 0.3500 0.1000
10 0.7500 0.3500 0.1000
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-10 0.1000 0.7500 0.3500
-9 0.1000 0.7500 0.3500
-8 0.1000 0.7497 0.3500
-7 0.1000 0.7474 0.3500
-6 0.1000 0.7250 0.3498
-5 0.1000 0.5642 0.3483
-4 0.1000 0.2301 0.3344
-3 0.1000 0.1162 0.2500
-2 0.1000 0.1020 0.1326
-1 0.1000 0.1005 0.1037
0 0.1004 0.1004 0.1004
1 0.1039 0.1004 0.1001
2 0.1339 0.1004 0.1000
3 0.2550 0.1004 0.1000
4 0.3408 0.1004 0.1000
5 0.3549 0.1004 0.1000
6 0.3564 0.1004 0.1000
7 0.3565 0.1004 0.1000
8 0.3566 0.1004 0.1000
9 0.3566 0.1004 0.1000
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-9 0.1507 0.1500 0.5514
*8 0.1507 0.1500 0.5514
-7 0.1507 0.1500 0.5514
-6 0.1507 0.1500 0.5512
-5 0.1507 0.1500 0.5490
-4 0.1507 0.1500 0.5288
-3 0.1507 0.1500 0.4012
-2 0.1507 0.1500 0.2075
-1 0.1507 0.1501 0.1566
0 0.1507 0.1507 0.1507
1 0.1507 0.1566 0.1501
2 0.1512 0.2071 0.1500
3 0.1556 0.4000 0.1500
4 0.1974 0.5274 0.1500
5 0.4501 0.5476 0.1500
6 0.8021 0.5498 0.1500
7 0.8889 0.5500 0.1500
8 0.8989 0.5500 0.1500
9 0.8999 0.5500 0.1500
10 0.9000 0.5500 0.1500
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-10 0.1500 0.9000 0.5500
-9 0.1500 0.8999 0.5500
-8 0.1500 0.8989 0.5500
-7 0.1500 0.8889 0.5500
-6 0.1500 0.8021 0.5498
-5 0.1500 0.4501 0.5476
-4 0.1500 0.1974 0.5274
-3 0.1500 0.1556 0.4000
-2 0.1500 0.1512 0.2071
-1 0.1501 0.1507 0.1566
0 0.1507 0.1507 0.1507
1 0.1566 0.1507 0.1501
2 0.2075 0.1507 0.1500
3 0.4012 0.1507 0.1500
4 0.5288 0.1507 0.1500
5 0.5490 0.1507 0.1500
6 0.5512 0.1507 0.1500
7 0.5514 0.1507 0.1500
8 0.5514 0.1507 0.1500
9 0.5514 0.1507 0.1500
** This data based upon 50 feet of saturated thickness
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-9 0.1670 0.1667 0.5033
-8 0.1670 0.1667 0.5033
-7 0.1670 0.1667 0.5033
-6 0.1670 0.1667 0.5030
-5 0.1670 0.1667 0.5000
-4 0.1670 0.1667 0.4730
-3 0.1670 0.1667 0.3358
-2 0.1670 0.1667 0.1975
-1 0.1670 0.1667 0.1700
0 0.1670 0.1670 0.1670
1 0.1671 0.1700 0.1667
2 0.1677 0.1970 0.1667
3 0.1736 0.3333 0.1667
4 0.2275 0.4697 0.1667
5 0.5000 0.4967 0.1667
6 0.7727 0.4997 0.1667
7 0.8267 0.5000 0.1667
8 0.8327 0.5000 0.1667
9 0.8333 0.5000 0.1667
1 0 0.8333 0.5000 0.1667
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-1 0 0.1667 0.8333 0.5000
-9 0.1667 0.8333 0.5000
-8 0.1667 0.8327 0.5000
-7 0.1667 0.8267 0.5000
-6 0.1667 0.7727 0.4990
-5 0.1667 0.5000 0.5537
-4 0.1667 0.2275 0.5387
-3 0.1667 0.1736 0.4630
-2 0.1667 0.1677 0.3872
-1 0.1667 0.1671 0.3722
0 0.1670 0.1670 0.3706
1 0.1700 0.1670 0.3704
2 0.1975 0.1670 0.3704
3 0.3358 0.1670 0.3704
4 0.4730 0.1670 0.3704
5 0.5000 0.1670 0.3704
6 0.5030 0.1670 0.3704
7 0.5033 0.1670 0.3704
8 0.5033 0.1670 0.3704
9 0.5033 0.1670 0.3704
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-0.25 0.4811 0.4625 0.6044
-0 .2 0 0.4811 0.4777 0.5858
-0.15 0.4811 0.4893 0.5607
-0 .1 0 0.4811 0.4984 0.5410
-0.05 0.4938 0.5058 0.5250
0 .0 0 0.5118 0.5118 0.5118
0.05 0.5270 0.5169 0.5008
0 .1 0 0.5399 0.5213 0.4914
0.15 0.5510 0.5250 0.4833
0 .2 0 0.5607 0.5282 0.4763
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-0.25 0.3833 0.6861 0.5750
-0 .2 0 0.4164 0.5985 0.5543
-0.15 0.4397 0.5528 0.5279
-0 .1 0 0.4571 0.5318 0.5083
-0.05 0.4851 0.5197 0.5064
0 .0 0 0.5118 0.5118 0.5118
0.05 0.5306 0.5063 0.5157
0 .1 0 0.5445 0.5023 0.5185
0.15 0.5552 0.4991 0.5207
0 .2 0 0.5637 0.4966 0.5224
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-0.25 0.3663 0.3852 0.4721
-0 .2 0 0.3663 0.3905 0.4581
-0.15 0.3663 0.3946 0.4393
-0 .1 0 0.3663 0.3979 0.4245
-0.05 0.3813 0.4005 0.4125
0 .0 0 0.4026 0.4026 0.4026
0.05 0.4206 0.4044 0.3944
0 .1 0 0.4358 0.4060 0.3873
0.15 0.4490 0.4073 0.3813
0 .2 0 0.4604 0.4084 0.3760
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-0.25 0.3052 0.6028 0.4250
-0 .2 0 0.3259 0.4971 0.4121
-0.15 0.3404 0.4472 0.3956
-0 .1 0 0.3513 0.4243 0.3833
-0.05 0.3766 0.4112 0.3899
0 .0 0 0.4026 0.4026 0.4026
0.05 0.4209 0.3966 0.4116
0 .1 0 0.4344 0.3922 0.4182
0.15 0.4448 0.3888 0.4233
0 .2 0 0.4531 0.3861 0.4273
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-0.25 0.4311 0.4250 0.5662
-0 .2 0 0.4311 0.4385 0.5466
-0.15 0.4311 0.4488 0.5202
-0 .1 0 0.4311 0.4569 0.4995
-0.05 0.4466 0.4635 0.4827
0 .0 0 0.4689 0.4689 0.4689
0.05 0.4875 0.4734 0.4573
0 .1 0 0.5034 0.4772 0.4474
0.15 0.5170 0.4806 0.4389
0 .2 0 0.5289 0.4834 0.4315
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-0.25 0.3333 0.6806 0.5250
-0 .2 0 0.3664 0.5721 0.5043
-0.15 0.3897 0.5176 0.4779
-0 .1 0 0.4071 0.4926 0.4583
-0.05 0.4383 0.4782 0.4596
0 .0 0 0.4689 0.4689 0.4689
0.05 0.4903 0.4623 0.4754
0 .1 0 0.5062 0.4575 0.4802
0.15 0.5184 0.4537 0.4839
0 .2 0 0.5281 0.4508 0.4869
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-0.25 0.4218 0.4219 0.5392
-0 .2 0 0.4218 0.4324 0.5225
-0.15 0.4218 0.4405 0.5000
-0 .1 0 0.4218 0.4468 0.4823
-0.05 0.4359 0.4519 0.4679
0 .0 0 0.4561 0.4561 0.4561
0.05 0.4731 0.4597 0.4462
0 .1 0 0.4876 0.4627 0.4378
0.15 0.5000 0.4653 0.4306
0 .2 0 0.5108 0.4675 0.4242
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-0.25 0.3403 0.6481 0.5000
-0 .2 0 0.3678 0.5490 0.4828
-0.15 0.3873 0.5000 0.4608
-0 .1 0 0.4017 0.4775 0.4444
-0.05 0.4291 0.4645 0.4468
0 .0 0 0.4561 0.4561 0.4561
0.05 0.4751 0.4502 0.4627
0 .1 0 0.4892 0.4459 0.4675
0.15 0.5000 0.4425 0.4713
0 .2 0 0.5086 0.4399 0.4742


















































-0.25 0.5346 0.4365 0.6204
-0 .2 0 0.5346 0.4672 0.6019
-0.15 0.5346 0.4898 0.5775
-0 .1 0 0.5346 0.5071 0.5588
-0.05 0.5336 0.5208 0.5440
0 .0 0 0.5320 0.5320 0.5320
0.05 0.5305 0.5412 0.5220
0 .1 0 0.5292 0.5489 0.5137
0.15 0.5280 0.5556 0.5065
0 .2 0 0.5269 0.5613 0.5004
0.25 0.5259 0.5662 0.4950




































































-0.25 0.4259 0.5278 0.6389
-0 .2 0 0.4626 0.5449 0.6159
-0.15 0.4886 0.5374 0.5866
-0 .1 0 0.5078 0.5345 0.5648
-0.05 0.5220 0.5329 0.5464
0 .0 0 0.5320 0.5320 0.5320
0.05 0.5395 0.5313 0.5211
0 .1 0 0.5453 0.5308 0.5127
0.15 0.5500 0.5305 0.5059
0 .2 0 0.5539 0.5302 0.5003
0.25 0.5571 0.5299 0.4957
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-0.25 0.4679 0.4994 0.5900
-0 .2 0 0.4679 0.4968 0.5727
-0.15 0.4679 0.4946 0.5485
-0 .1 0 0.4679 0.4928 0.5288
-0.05 0.4768 0.4913 0.5124
0 .0 0 0.4985 0.4985 0.4985
0.05 0.5014 0.4888 0.4866
0 .1 0 0.5115 0.4878 0.4763
0.15 0.5204 0.4869 0.4673
0 .2 0 0.5284 0.4861 0.4594
0.25 0.5355 0.4854 0.4524
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-0.25 0.4766 0.7685 0.5717
-0 .2 0 0.4760 0.6548 0.5521
-0.15 0.4756 0.5817 0.5258
-0 .1 0 0.4752 0.5415 0.5051
-0.05 0.4855 0.5161 0.4982
0 .0 0 0.4985 0.4985 0.4985
0.05 0.5080 0.4856 0.4987
0 .1 0 0.5153 0.4758 0.4988
0.15 0.5210 0.4681 0.4990
0 .2 0 0.5257 0.4619 0.4991
0.25 0.5295 0.4567 0.4992
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-0.25 0.4790 0.3889 0.5722
-0.20 0.4790 0.4184 0.5530
-0.15 0.4790 0.4401 0.5278
-0.10 0.4790 0.4567 0.5084
-0.05 0.4796 0.4699 0.4931
0.00 0.4806 0.4806 0.4806
0.05 0.4815 0.4895 0.4703
0.10 0.4823 0.4969 0.4616
0.15 0.4830 0.5033 0.4542
0.20 0.4837 0.5088 0.4479
0.25 0.4843 0.5135 0.4423
* This data  based  upon 90 feet of saturated thickness
COLORADO SCHOOL OF MIKES 
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-0.25 0.3704 0.5167 0.5833
-0.20 0.4071 0.5064 0.5603
-0.15 0.4330 0.4915 0.5310
-0.10 0.4523 0.4857 0.5093
-0.05 0.4683 0.4826 0.4927
0.00 0.4806 0.4806 0.4806
0.05 0.4899 0.4793 0.4715
0.10 0.4971 0.4783 0.4645
0.15 0.5029 0.4776 0.4588
0.20 0.5077 0.4770 0.4541
0.25 0.5117 0.4765 0.4503
















































































-0.25 0.4686 0.4618 0.5926
-0 .2 0 0.4686 0.4745 0.5746
-0.15 0.4686 0.4841 0.5503
-0 .1 0 0.4686 0.4917 0.5311
-0.05 0.4827 0.4979 0.5157
0 .0 0 0.5029 0.5029 0.5029
0.05 0.5199 0.5072 0.4922
0 .1 0 0.5343 0.5108 0.4831
0.15 0.5467 0.5139 0.4753
0 .2 0 0.5575 0.5166 0.4685
0.25 0.5670 0.5190 0.4625
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-0.25 0.3781 0.6955 0.5556
-0 .2 0 0.4087 0.5969 0.5364
-0.15 0.4303 0.5473 0.5120
-0 .1 0 0.4463 0.5245 0.4938
-0.05 0.4750 0.5114 0.4947
0 .0 0 0.5029 0.5029 0.5029
0.05 0.5225 0.4970 0.5087
0 .1 0 0.5370 0.4925 0.5130
0.15 0.5482 0.4891 0.5163
0 .2 0 0.5571 0.4864 0.5189
0.25 0.5643 0.4843 0.5210
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-0.25 0.4622 0.4250 0.7088
-0 .2 0 0.4622 0.4554 0.6716
-0.15 0.4622 0.4786 0.6214
-0 .1 0 0.4622 0.4968 0.5819
-0.05 0.4875 0.5115 0.5500
0 .0 0 0.5237 0.5237 0.5237
0.05 0.5540 0.5339 0.5016
0 .1 0 0.5799 0.5425 0.4828
0.15 0.6021 0.5500 0.4667
0 .2 0 0.6214 0.5565 0.4526
0.25 0.6384 0.5622 0.4402

































































-0.25 0.2667 0.8722 0.6500
-0 .2 0 0.3328 0.6971 0.6086
-0.15 0.3794 0.6056 0.5559
-0 .1 0 0.4141 0.5635 0.5167
-0.05 0.4702 0.5394 0.5128
0 .0 0 0.5237 0.5237 0.5237
0.05 0.5612 0.5127 0.5313
0 .1 0 0.5890 0.5045 0.5370
0.15 0.6103 0.4983 0.5414
0 .2 0 0.6273 0.4933 0.5448
0.25 0.6411 0.4893 0.5477

















































































-0.25 0.2327 0.2703 0.4441
-0 .2 0 0.2327 0.2811 0.4162
-0.15 0.2327 0.2893 0.3786
-0 .1 0 0.2327 0.2957 0.3489
-0.05 0.2625 0.3010 0.3250
0 .0 0 0.3053 0.3053 0.3053
0.05 0.3411 0.3089 0.2887
0 .1 0 0.3716 0.3119 0.2746
0.15 0.3979 0.3146 0.2625
0 .2 0 0.4208 0.3169 0.2519
0.25 0.4409 0.3189 0.2427
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-0.25 0.1104 0.7056 0.3500
-0 .2 0 0.1517 0.4941 0.3241
-0.15 0.1809 0.3944 0.2912
-0 .1 0 0.2026 0.3486 0.2667
-0.05 0.2532 0.3223 0.2798
0 .0 0 0.3053 0.3053 0.3053
0.05 0.3418 0.2933 0.3231
0 .1 0 0.3688 0.2844 0.3364
0.15 0.3897 0.2776 0.3466
0 .2 0 0.4062 0.2722 0.3546
0.25 0.4196 0.2678 0.3612
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-0.25 0.3622 0.3500 0.6324
-0 .2 0 0.3622 0.3770 0.5932
-0.15 0.3622 0.3976 0.5405
-0 .1 0 0.3622 0.4138 0.4989
-0.05 0.3933 0.4269 0.4654
0 .0 0 0.4377 0.4377 0.4377
0.05 0.4750 0.4468 0.4145
0 .1 0 0.5067 0.4545 0.3948
0.15 0.5340 0.4611 0.3778
0 .2 0 0.5578 0.4669 0.3630
0.25 0.5787 0.4720 0.3500

































































-0.25 0.1667 0.8611 0.5500
-0 .2 0 0.2328 0.6441 0.5086
-0.15 0.2794 0.5352 0.4559
-0 .1 0 0.3141 0.4851 0.4167
-0.05 0.3766 0.4564 0.4191
0 .0 0 0.4377 0.4377 0.4377
0.05 0.4806 0.4246 0.4507
0 .1 0 0.5123 0.4149 0.4604
0.15 0.5368 0.4075 0.4678
0 .2 0 0.5562 0.4015 0.4737
0.25 0.5720 0.3967 0.4785
** This data based upon 50 feet of saturated thickness
ER-4148
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-0.25 0.3435 0.3438 0.5784
-0 .2 0 0.3435 0.3649 0.5450
-0.15 0.3435 0.3810 0.5000
-0 .1 0 0.3435 0.3936 0.4645
-0.05 0.3718 0.4038 0.4359
0 .0 0 0.4123 0.4123 0.4123
0.05 0.4462 0.4194 0.3925
0 .1 0 0.4751 0.4254 0.3756
0.15 0.5000 0.4306 0.3611
0 .2 0 0.5216 0.4351 0.3485
0.25 0.5407 0.4390 0.3374





















































-0.25 0.1806 0.7963 0.5000
-0 .2 0 0.2356 0.5980 0.4655
-0.15 0.2745 0.5000 0.4216
-0 .1 0 0.3034 0.4550 0.3889
-0.05 0.3582 0.4291 0.3936
0 .0 0 0.4123 0.4123 0.4123
0.05 0.4502 0.4005 0.4254
0 .1 0 0.4784 0.3918 0.4351
0.15 0.5000 0.3851 0.4425
0 .2 0 0.5172 0.3797 0.4485
0.25 0.5312 0.3754 0.4533



























A Summary of the Contents of the Computer Disks Located 
Inside the Cover Pocket
ER-4148 255
Disks 1, 2, and 3 (found inside the cover pocket) contain sensitivity analysis data 
contained in this study as spreadsheets, summary tables, and graphs for geologic 
configuration #2A. Hard copy examples from these disks can be found in 
Appendices A and B.
Software Name: QUATTRO PRO
Version: 4.0
Software Company: BORLAND INTERNATIONAL, INC.
TABLE OF FILES







































tables, and graphs for 
each file
339,418
339,520
339,624
339,640
